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a O F 
G NOMONI CR 
NO MO NI Rs, call'd alſo Di 28 
which, by means of the Rays of ſome Celeſti 
- Body, and eſpecially by means of the Rays of the 
Sun, divides the Time into equal parts, and re- 
preſents upon a Surface almoſt che whole Ma. 
chine of the Primum Mobile. It is a kind of Per- 
N where the Point of the Eye is in the Center of the 
arth, and the Surface of the Dial repreſents the Picture, the 
Diſtance from the Eye to the Picture being equal to the 
length of the Style, which is always perpendicular to the 
Picture, and whoſe end conſequently repreſents the Point of 
the Eye, or the Center of the Earth. a 
. Tho! we cannot ſtand in the Center of the Earth, to 
there the Eye; or the end of the Style; yet the end of the 
Style rais d perpendicularly the Plain of the Dial, which 
is on the Surface of the = & gent per for the Center 
the World, f or of the Earth; becauſe the ſmallneſs ok 
Diſtance from the Surface of the Earth to its Center, in 
—— wr bog) Diſtance from the Sun to the Earth, can 
© no ble Error: And without placing the Eye at the 
le, the Rays of the Sun from different Points 
Office of Viſual Rays, which wou d 
Dial in the ſame place-as the end of 
le falls upon it, and ſhew upon that 
in the Heavens almoſt as exactly as if 
was in the Center — — Earth. | 
is a little pointed Rod, 6014 0 


D Treafe follows — 1 


point 


in AC, which ie, x, 
* I, 
EG, and che "© · 


2 3. WE. A Treatiſe of Gnomonicks. 
1 — © point G of that Style EG to be in the Center of the Earth, 
| *, £2977 i. which we will ſuppoſe in the middle of the World, or at 
_— | FS. 2. jeaſt in the middle of the Celeſtial Circumvolutions ; ſo that 
| the plain AF be diftant from the Center of the Earth the whole 
length of the Style, which may be taken at pleaſure, becauſe 


1 a greater or a leſs Length cannot alter the exactneſꝭ of the 
| — reaſon of the vaſt Diſtance from the Sun to the 


3 rt . 

4 Imagine alſo, that from all the Points of the Sphere of the 

| Sun, as H, I, K, L. Cc. Rays be drawn thro' the Center of 
k the Earth, or the end G of the Style EG, and produc'd till 
4 they meer the plain AF, at the points A,B, C, D, which will 
upon that plain AF give the Appearance or Repreſentation 
of the Points of the Heawen, or Sphere of the Sun from 
whence the ſaid Rays come : So that if the Center of the Sun 
was in each of thoſe points L, K. I, H, the Ray drawn from its 
Center thro” the end of the Style G, or rather the Shadow of 
that Style terminated by that Ray, wou'd fall upon the points 
A. B, C, D, in the Plain, which are the Repreſencation of the 
1 or the different places of the Sun in its 

ven. 

Therefore to draw a Sun-Dial upon a Plain propos d, we 
will ſuppoſe the end of the Style the Center of the Earth: 
And tho* ſuch a Suppoſicion be Mathemarically Falſe; yer 
the Dial will not be leſs True ; becauſe, as we have already 
ſaid, the Semi-Diameter of the Earth is very ſmall in com- 
pariſon of that of the Sphere of the Sun. 

We ſhall alſo look upon the Diurnal and Nocturnal Arches 
of the Sun, as Circles parallel to one another and to the E- 

ator; for tho' theſe Arches are rather ſpiral Lines than true 
| Circles by reaſon of the continual and oblique Motion of the 
* Sun about the Poles of the Zodiack, nevertheleſs becauſe the 
e p Sun moves very ſlowly along the Ecliptick, not going thro” 

- One Degree in 24 Hours, you muſt ſuppoſe it to be a whole 
Day in the ſame Point of the Zodiack, and the Circle which 

| it deſcribes in a Day from Eaſt co Weſt about the Poles of the 

' World, NI „ uator. 

| _ - - Laſtly, in reſpe& of the Hours, you may 1 upon the 
Center of 4 Dial deſcrib'd upon a Plain, which Center is the 
Point where all the Hour-lines meer, as the Center of the 
Earth, or the end of the Style; becauſe the ſmall Diſtance 
between that Center and the end of the Style is but as a Point 
in reſpe& of the Sphere of the Sun, fo that the Error. that 
may happen by reaſon of this falſe Suppoſition, cannot be 
conſiderable in reſpect of the Horary-maglcs, that is, of the 
Angles which the Hour - Lines make with the Meridian in the 
Center of the Dial. | 


C O- 
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COROLLARY I 


the Plain, unleſs it be perpendicular to the ſaid Plain: And 
when it is not ſo, as EG, the true length of that Style EG, muſt 
be expreſs d by the Right- line GD drawn from the end of 
the Style G, icular to the plain AF, and the point D 
where it meets the Plain will be the true Place of the Style, 
which is call'd the Foot of rhe Style, and that Perpendicular 
GD will repreſent irs true Len Its correſpondent poi 
L over the Plain AF, is call'd the Zenith of the Plain, in 
pe oma is, the _— falls on the Foot of the 
e D: orizon which is parallel to the plain 
is call'd the Horizon of the Plain. F 228 


COROLLARY IL 


It follows alſo that a Right-line drawn thro' the Center of 
the Dial and the end of the Style, may be taken for the Axis 
of che World, and therefore it is uſually call d the Aut of the 
Dial, becauſe the Axis of the World being an Imaginary 
Line which paſſes thro* the Poles of the World and the Cen- 
ter of the Earth, and the Center of the Dial being the Re- 

entation of the Pole rais'd above the Plain, (namely, the 
oint where the end of the Shadow of the Style wou'd be 
terminated if the Sun was in that Pole) ĩt follows that a Righe- 
line drawn thro' the Center of the Dial, and the end of the 
Style which repreſents the Center of the Earth, may be taken 
for the Axis of the World. | 


COROLLARY II. 


It follows alſo that the end of the Style may be taken for 
the Center of all the great Circles of the Sphere, becauſe 
all the great Circles of the have one common Center, 
⁊. the Center of the Earth, which is in the Plain of all the 
great Circles of the Sphere: And as the end of the Style is 
aken for the Center of the Earth, it may be conſider d as the 
enter of all the great Circles of the Sphere. | 


COROLLARY Iv. | 


Laſtly, it follows, that all che great Circles of the Sphere 
1 conceiv'd as Plains, CLE another at rhe 


follows, 


: 12 becauſe it is their common Center: And as 
| I of Two Plains is Righr-line, by 3.11. ic 
. 2 : 


1 


Ie follows from what we have ſaid, char the true Lengeh of Plate 1. 
the Style is not that Iron Rod which we ſee uſually rais'd on Fig. 2. 


” 
- - w—_— — 


Plate 1. 
Fig. 2. 


Fig. 1. 
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that thoſe Plains will cut the Plains of the Dial in Right- 
lines; and fince the end of the Style is in the Plain of thoſe 
great Circles, its Shadow will never go out of it, by 1. 11. 


and conſequently it can only be terminated in the 
Section of thoſe Plains; that is, in a Right - line. 4 
Thus you ſee, that in Gnomonicks a great Circle of the Sphere 
is repreſented upon # Plain by @ Right-line;z that is, as much as 
to ſay, that if the Sun ſhou'd move along the Ci ce 
of the great Cirele HIKL, (whoſe common Section with the 
Plain of the Dial is the line AF) going ſucceſſively thro* the 
points H,I,K,L, the Shadow of the of the Style G will 
_ 8 thro' the points A, B, C, D, of the Right- 


e AF. 

It is not ſo of a little Circle of the Sphere, as H. I. K. for as 
its Center is not the Center of the Earth, or in the end G of 
the Style EG, the Rays drawn from all the points H, I, K, of 
its Circumference thro' the end of the Style G are not in the 
ſame Plain, but they make the Right e HGK, whoſe 
Vertex G, is at the end of the Style EG. Now as this Cone, 
which we ſhall call the Cone of Light, being produc'd beyond 
its Vertex G, makes another Cone ABCCG, which ſhall be 
call'd the Cone of Shadow, that Cone of Shadow will be cur 
by AF the Plain of the Dial, along the Curve-line ABC, 
which is the Repreſentation of the little Circle HIK. 

Thus you ſee, that in Gnomonicks # little Circle of the Sphere 
is repreſented by a Curve Line, which will always be ſome Co- 
nick Sefton, viz, a Circle, an Ellipfis, a Parabola, or a Hy- 
perbola, according as the Cone of Shadow is more or leſs 
obliquely cut by the Plain of the Dial. But in the Practice 
it is needleſs to know of what kind the ſaid Curve is, becauſe 
it may be _ deſcrib'd upon the Plain of che Dial without 
3 its Properties, as we ſhall ſhew in its proper 
place. 


CHAPTER I. 
Of the Lemma's. 


T* make Practical Dialling the eaſier, we ſhall here add 
ſome Problems, and Theorems, to make plain all 
that we ſhall ſay concerning the Conſtruction of Dials, which 
by this means will be unmix'd with the Theory, which 
wou'd make it more difficult and leſs pleaſant. 

| | LEM- 


nnen 


re 


ARM WT 7 


FER 


e Two great Circles of the Sphere, which are 


a. | 
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THEOREM. 


If « great Circle of the Sphere be perpendicular to 
ae of the Dial. * will be repreſented on it 
by « Right line, which will go thro' the Foot of the 


the Kyle. 

E have already made it appear,thar the Repreſentation 
WIr ircle of the upon a Plain is a Right- 
line: naw I ſay, that That Right-line ought to go thro? the 
Foot of the Style; becauſe if it did not go thro? it, one might 
in the Plain of the great Circle ler fall a Perpendicular from 
— A ng hy La „. . which W alſo be 

erpendi rot in e Dial, » 4-. II. an 

becauſe the length of the Style is alſo 12 to the 
Plain, of the Dial it wou d follow, that from One point Two 
Perpendiculars might be drawn to the ſame Plain, which is 


impo | | 
COROLLARY. 


Ic follows from this Propoſition, that the Repreſentation 
of a great Circle of the Sphere, which is not perpendicular 


to the Plain of a Dial, does not go thro' the Foot of the Style; 


and is nearer to or farther from it, according as the Plain of 
the Circle is more or leſs Inclin'd to the Plain of the Dial. 


LEMMA II. 
THEOREM. 


ular to one another, the one be perpendicu- 
lar to the Plain of the Dial; their 2 
ui be Tuo Right-lines perpendicular to one an- 


HE Demonſtration of this Theorem is plain; becauſe 
if thoſe Two Circles did not cut the Plain of the Dial 
by Two Right-lines perpendicular to one another, bur thoſe 
lines were Inclin'd to one another, the Plains mult be like- 
wiſe Inclin'd to one another, and ſo not perpendicular, which 
is againſt che Suppoſition. | . 
\ a LEM: 
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LEMMA IL 


THEOREM 

Abt. line, which repreſents a Plaina great 

Circle of the Sphere, may be Grometrically — 

into ſuch unequal Parts as ſhall repreſent the De- 
grees of that great Circle. 

E T B be the Center of the Earth, A the Foot of the 


Plate L le, and AB its Length. Let EGH alſo be a great Cir- 
At. 3. cſe of t Arn whoſe common Section with the Plain is 


the line CD which will be irs Repreſentation. This being 
ſuppos'd, I ſay that the line CD may be Geomerrically di- 
ided into Degrees, by means of a Point which we ſhall find 
in the Plain, as it wou'd be divided in the Air, by the 
Rays drawn from the ees of the Circle FGN, (which 
that line CD repreſents) thro' the Center of the Earth, or 
end of the Style B; as ifthe Arch FG, or the Angle ABH, 
was, for Example, of Go Degrees, the Ray or Radius produc'd, 
GB, wou'd give upon the line CD, the part AH of Co De- 
rees in Repreſentation. You wou'd have the ſame point H, 
if you made uſe of a little Circle coneentrick to the Firſt, -as 
as EPQ, becauſe the Arch ER is fimilar to the Arch FG: 
Thus by means of the little Circle EPO in the Air, you 
wou'd have the ſame part AH of 6o degrees in Repreſenta- 
tion, which ſhews that one may Mechanically divide into de. 
grees the line CD, by means of a little Circle, whoſe Center is 
at the end of the Style. But I ſay that ſuch a line may be Geo- 
metrically divided into degrees by means of a point, which 
being found upon the Plain of the Dial, will have the ſanie 
Efeett as the point B in the Air. All the difficulty therefore 


conſiſts in finding that point in the Plain of the Dial, which 


we ſhall call the Dividing Center, and which we muſt find in 
both the Caſes which may hap becauſe the Line to be di- 
vided may go thro the Foot of the Style, (viz. when it repre- 
ſents a Circle perpendicular 'to the Plain of the Dial) or elſe 
it may run at ſome diſtance from it, (when ir repreſents a 


Circle whoſe Plain is Inclin'd to the Plain of the Dial, by 
Lem. I.) and each Caſe will be thus reſelv'd. 


Firſt Caſe. 


F the line to be divided goes thro the Foot of the Style, as 
CD, draw thro Ahe Foot of the Style the line AL, per- 
pendicular | the line CD, and equal to the- Style AB, — 


. * * 


wEaadTrTae Ts 


ar 


o 


* 2 . . 
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the point L will be the dividing Center of CD the line 
pos'd; ſo that if at the Point f 
as many degrees as the Arch FG, or as the Angle ABH, by 


means of the Line LI, that Line LI will upon the Line CD 
give the ſame Point H. AR? 


DEMONSTRATION, 
IF the line LI being 
duc'd at the point H, ler ir, if poſſible, cut it in other 
point as I, and then it will be known, by 26. 1. that the Two 
r Triangles ABH, ALI, are equal, becauſe 

have the Angles ABH, ALI, and the Sides AB, AL, 
cen. Whence it follows that the ſides AH, AI, are alſo 
equal, which being impoſſible, it is alſo impoſſible for the 
line LI to meet the line CD in any other point but H. 


K 5. | 


poten 

being fer off upon the Perpendicular ON, 

from O to L, that point L will be the Dividing Center re- 

quir d; ſo that if at L you make the angle OLI equal to the 

angle ABH, by the line LI, that line LI will upon CD give 
DEMONSTRATION. 


If you conceive the diſtance from the point in the Air B, 
to the point O upon the Plain, to be equal to the Hypote- 
nuſe OK, (becauſe if the Triangle OAK was rais'd up at 
Right-angles upon the Plain of the Dial, the poine K wou'd 
coincide with rhe end B of the Style AB, in which caſe the 
Hypotenuſe OK wou'd be icular to the line CD, and 
coincide with the erected line OB, which is alſo perpendi- 
cular to CD; ) we ſhall demonſtrate as before, that the Two 
Triangles OBH, OLI, are equal, whoſe Sides OB, OL, and 
Angles QBH, OLI, are by Conftr. &c. 


Aa 


the Angle ALI be made of g 


Plate . 
C- 1. 


d does not cut the line CD pro- 


Plate Is 
Fig. 5. 


155 Baſe AB, of the 


Turo 
tt from the Two „ 
0 the point E ( taken 


Triangle ABC, you drew 
at pleaſure be per ular CD, 7 which falls 
within the 2 the lines AF, BG, and join 
the lines DF, 25 the Angle CDF will be — 
10 the Angle CDG, or the Angle ADG to the 
Angle BD F. 


AW from the Two points F, G, the lines FI, GH, 
rpendicular to the Baſe AB, and thro” the point E, 
the Right-line MN parallel to the faid Baſe AB; and then 
ou will eaſily know that the Two Rectangular Triangles 
BCD, BET, are ſimilar, as well as the Two Obliquangular 
Triangles BEC, BLF; and likewiſe that the Two Reftan- 
— — ACD, AGH are ſimilar, as well as the Two 
gular Triangles AEC, AKG : and laſtly, that the 
Two Obl Oblqu — Triangles ELE, EKG, are alſo ſimilar, 
as well as Rectangular Triangles ENL,EMG, | 
Rs being ſuppos d, you will in the Two ſimilar Trian- 
les BCD, BFI, have — Analogy, BC: BF:: CD: FI; and in 
Two fimilar Triangles BCE, BEL, chis, BC: BE:: CE; 
EL, from which, and the foregoing, is deduc'd this Thi 
2 CE: Cb. FL: FI. Likewiſe in the ſimilar Trian» 
ACE, — 38 u will have this, AC: AG: : CD: GH; 

—1 in the ſimilar Triangles ACE,AGK, this, AC: AG:: CE: 
GK, from which, and the foregoing, is deduc'd this Third 
Analogy , CE: CD:: GK: GH, which, and the Third of 

the Three Firſt is deduc d this, FL: FI:: GK: GH. 

In the ſimilar Triangles ELF, EKG, you have this Analogy, 
EL: FLz GE: GK, and in the Two ſimilar ENL, EMG, this, 
EN. EL:: EM: EG, from which, and the Laſt of the foreg o- 

ing Paragraphs, is deduc d, pane this Laſt Analogy, EN: 
BL: EM. GH, or DE FI:: ; which ſhews, by 6.6, 
that the Angles FDI, GDH, are equal to one 5 and 
taeda —— CDG. RE. o 


LEM. 


Gnomonicks or Dialling Plate 


2 Page 9 


0 


9 
, „ 
- 
— — nnn ]. — — —— — 


Chap. J. A Treatiſe of Gnomonicks. 9 
LEMMA V. 
'THEOREM. 


If the Semi-circles ABC and ADE be deſcrid'd plate x. 
about the fide AC, and the Hypatenuſe AE of ig. 6. 
ihe Triangle ACE, Rettangular at C; and from the 

point F taken at pleaſure AC to the Tuo limes 

AC and AE, be drawn the Perpendiculars FB, FD; 

the Chords AB, AD, will be equal to one another. 

F the Two Chords BC, DE, be drawn, the Two Angles 

ABC, ADE will be Right, by 31. 3. and y 8.6. it will 

be known that the Two | gular Triangles ADE, ADG, 

are ſimilar ; and by 4. 6. that the line AD is a Mean Propor- 

tional between the Two AE, AG; and laſtly, by 17. 6. that 

2 2D is contents Rectangle of the lines AE, 

AG. It will likewiſe be known after the ſame manner, 

the ſquare of AB is equal to the Rectangle of the lines AC, 

AF. Laſtly, it will be known that in the ſimilar Triangles 

ACE, AFG, the Rectangle of the lines AE, AG, or the ſquare 

of AD, is equal to the le of che lines AC, AF, or to 

the ſquare of AB, and conſequently that the lines AB, AD, 

are equal to each other. N. E. D. 


LEMMA VI. 
f | THEOQREA. ..... 
if the Two lines AB, CE, be Giculer to the , 
Same line DH, and CD i. to RC, and AF to Fig. 5. 
AB ; „ A the Angle HA G be made 
equal to the Angle A , by the line AG termmated | 
at G by the line FG, cular to DH, and that 
at the ſaid point A, the Angle HAT be made equal to 
the Angle CAE, and the line Ali be made equal to 
the line AG ; and laſt of all, if thro the point I, IN 
be drawn parallel to DH, and AK be joyn'd ; the 
Angle HA, will be equal to the Angie CDE. 
RAW the Two lines IL, KM, parallel each to the line 
AB, and then it will be eaſily known that the Two 
lar Triangles ABE, LIE, are fimilar, and conſequently 
that the Two lines LI, LF, are equal to one another, becauſe 
AB, and AF are equal, by Conſtr. 


In 
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In the ſimilar Triangles ABC, AFG, we have this Analogy. 


Ng. 7. AC: AF:: BC: AG, and if inſtead of the Three Laſt 


Terms AF, BC, AG, we ſubſtitute the Three AB, CD, AH, 
which are al to them, — we ſhall have this AC : 
AB:: CD: and if inftesd of the Two Confequents 
AB, AH, we put the Two MK, MH, which are in the ſame 
Ratio, becauſe of the fimilar Triangles ABH, MKH, you will 
have this other Analogy, AC: MK: : CD: MH, which ſhews 
that the Rectangle of the Two lines AC, MH is equal to the 
Rectangle of the Two MK, CD, by 16. 6, 

In the frmilar Triangles ACE, ALI, one may know by 4. 6. 
that the Raati of the Two lines AC, CE, is the ſame with 
that of the lines AL, LI, or AL; LF, becauſe LI, is equal to 
LE, or that of the Two BI, IF, by reaſon of the fimilar Tri- 
angles ABF, LIF, or that of the Two BK, KH, by reafon of 
the ſimilar Triangles BIK, BFH, or that of the Two AM, 
MH, by reaſon of the ſimilar Triangles ABH, MKH, and 
therefore, that AE: CE:: Au: MH; and 6y 16: 6. that the 
Rectangle of rhe Two lines AC, MH, or the Rectangle of 
the Two lines MK, CD, which has been demonſtrated equal 
to the foregoing, is equal to the Rectangle of the Two CE, 
AM, and conſequentſy, that the Triangle CDE is ſimilar 
ro the Triangle AMK, and the Angle D equal to the Angle 


LEMMA VII. 
How to draw the Horizontal line uon a Plain. 


Os. 8. T* E Herizent #l-line is the Repreſentation upon a Plain, 


or the common Section of that Plain, and] of the 
Plain of the Horizon. le muſt he a Right-line, becauſe the 
Horizon is a great Circle. ; 


If the Plain be Horizontal, or to the Horizon, we 


ſhou'd endeavour in vain to find a Horizontal- line upon it, 


becauſe ſuch 2 Plain being ſuppos d parallel to the Horizon, 
cannot be cut by the Plain of the ſaxd Horizon, and conſe- 
quently can have no HorizontaFline. 


' Bur if the Plain propos d be Vertical, that is, perpendicular 
to the Horizon, e by Lemms 1. goes thro” 
the Foot of the Style: and to find it, draw upon the Plain 
any Plumb-line, by means of a Plummet hanging _ by 
a Thread, as AB, and thro' the Foot of the Fey ke C, draw 
DE perpendicular to this Line, and it will be the Horizontal- 
line requir d. 0 * 
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| DEMONSTRATION. 


The line AB repreſents a Vertical Circle, becauſe if it was 
roduc'd ad infinitum on either fide, it wou'd go directly to the _ 


enith and the Nadir, where the Vertical Circles interſe& : 
and as that Vertical Circle, which ſoever it be, ud 
cular to the Horizon, and the Horizon perpendicular to the 
propos'd Plain, it follows Lemm 2. that thoſe Two Circles 
are repreſented in the ſame Plain, by T wo Lines perpendicular 
to one another; wherefore fince the line AB ents 
one of thoſe Two Circles, viz. the Vertical, the r line 
DE, which is perpendicular to it, muſt repreſent the Horizon. 


If the Plain be I=cliz'd, that is, if it cuts the Horizon at Fig. 9. 


Oblique and Unequal Angles, let a Plummer and Thread 
hang from I the end of the Style, and where it touches the 
Surface of the Plain, mack a Point, as C, which will repre- 
ſear the Zenith or Nadir, according as that Surface is towards 
the Heavens, or the Earth. When it is towards the Sky, 
it is call'd Upper Surface or es, where the Zenith falls 
below the Foot A of the Style; and when it is towards the 
Earth, it is call'd the Under Surface, where the Nadir happens 
e 
is point C is call'd Zenith in pper 
Plain, becauſe if the Sun was in the Zenith, the Shadow of 
the end of the * wou d come to that point C: And 
Nadir in the Under Surface of the Plain, becauſe if the Sun 
was in the Nadir, andthe Earth was tranſparent, the Shadow 
of I the end of the Style AB wou'd come to that point C; 
thro' which and the Foot A of the Style, you muſt draw the 
Righr-live CD, which is uſually call'd the Vertical of the 
Plain, becauſe by Lemma 1. it repreſents a Vertical Circle 
2 to the Plain, ſince it goes thro A the Foot of 
the Style. 

„ 2 thro 222 2. hs pa the — AE. 
qual to length e AB, and perpendicular to 
rx line CD, to have at E dd Dating Center of that line CD, 
Lemma 3. Having * the Right-line EC, draw EF 
perpendicular to it, which will upon the line CD give the 
point FE, thro' which you muſt draw to the ſaid line CD, 
the per icular GH, which will be the Honzoatal-line 
requir'd. 


DEMONSTRATION. 


Becauſe'the point E is the Dividing Center of the Vertical 
CD, and the Arch of each Vertical, compretiended between 
the Zenith or the Nadir and the Horizon, is ef go Degrees, 


we 


IT 
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Plate 2. we have alſo made the Angle CEF at that Center E, of 90 


Fg. 9. Degrees, to have the Arch CF of 90 Degrees i 


Fig. 10. 


the Horizon. 


m Repreſen- 
ration : And becauſe the — C here — ts the Zenith, 
the point F will repreſent a Point of Hori orizon, which 
being perpendicular to all the Vertical Circles, will be re. 

preſented by the line GH, endicular to 'the line CD. 
1 Thus GH is the line. N. E. I. & b. 


SCHOLIUM. 


* In French The Angle ACE being meafur'd with a ProrraQor, * or any 
this firs other Inſtrument, gives the — of the Plain; but it 
calldTrani. may be more eaſily and exact! 
porter. 


known by means of a Square, 
having Two equal ſides as AB, AC, hoſe Angles B, C, muſt 
be Half. Right, with a Quadrant or Fourth part of a Circle 
EGF within it, whoſe Center D muſt be at the Rite Angle 
A, and which maſt — divided into its yo Degrees, beginning 
at its middle point G: For if the Upper Surface of the In- 
clin'd Plain be re a a by the line BC, which is the Ver- 
tical- line of the lain, by applying the ſquare ro the faid 
Vertical as you ſee in the Figure, a Thread DH han ing 
freely with its Plummet H from the Center D, will 
upon the Quadrant EGF,(counting from the middle *point 85 
= Inclination of the Plain, which in this Eximple i is of 25 
rees. 

If the Inclinztion of the Plain is greater than 45 2 
you cannot know the Inclination of it by this Method, an 
therefore to find it, 5 muſt * the Vertical-line, or near 
its place if it is not drawn, apply a long ſtreight Ruler which 
has one part off of the Plain, that to the nder Part 
of the ſaid” Ruler you ma ly one of the fides of the 
Square, or Example, the fi ; as if you work'd on the 

Under e of the Plain, and then the Thread and its 
Plummer hanging freely will ſhew the Inclination of the 
Plain, which muſt be counted from the other fide AC, be- 
cauſe inclination a Plain, is the Angle which it makes with 


LEMMA VII. 
PROBLEM. 


How to find the Height of the Bev ape © Plain 


propos d. 
3-2 E Height of the Sun s Plain is the fame thing as 
rhe Heihe of the Sun above the Horizon of that 
Plain, which is equal to the Height of rhe San above the 
Horizon of the Place where you are, when the Plain — 
pos 
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— is Horizontal, becauſe the Horizon of that Plain is the plate 
ame with the Horizon of the Place. This Height may be pie ” 
found upon any Plain by means of a Point of Shadow, thus. 

Let tha end of the Shadow of the Style AB be at C, and let 


it be ir'd at ſuch a Time to find the Height of the Sun on 


that Plain. Draw thro? the Point A of the Style, and thro' 


that Point of Shadow C, the line AC, at the ſaid Foot of the 
Style draw to AC the Perpendicular AE equal to the length 


of the Style AB, ef which will give the Angle 


ACE, which is the the Sun above that Plain. 
DEMONSTRATION. 


The Foot A of the Style repreſents the Zenith of the Plain, 
and the Point of ook C repreſents the place of — 


in the Plain, wherefore the line AC will repreſent the Ver- 


tical of the Sun in reſpe& to the Horizon of the Plain, and 
the part AC will repreſent the diſtance from the Sun to the 
Zenith of the Plain, or the Complement of the Height of the 
Sun above the Plain: And as that Arch AC is meaſur d by the 
Angle AEC, by Lemma 3. becauſe the point E is the Dividi 
Center of the line AC, it follows that the Complement 
the Angle AEC, (viz. the Angle ACE) will be the __ of 
* Sun 12 the Plain, or above the Horizon of the Plain. 
E IJ. & d. 


LEMMA X. 
PROBLEM. 
Flow to find the Height of the Sun above the Horizon. 


E ſhall alſo find this Height by means of a point of 
Shadow mark d on any Plain whatever: And firſt, 
if that Plain be Horizontal, having by Lemma g. found the 
Height of the Sun above thar Plain, you will have the 
Height of the Sun above the Horizon, becauſe the Horizon 
of the Plain is only the Horizon of the place where the 


Plain is. | | 
Bur if the Plain be Vertical, 2 mark d upon it the 
hoe of the Shadow of the end O of the Style OC, draw 


that point B the Plumb-line AB, which will repreſent 
of the 2 whoſe place is repreſented on 

by the point B: And having mark d upon the 

in the Horizontal-line DE, by Lemma 7. make GD equal 
to GF, after you have drawn CF equal to the length of the 


Style CO, and perpendicular to tlie Horizontal- line DE, and 


draw 


Fig. 8. 


— 
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draw DB; and the Angle GDB will be he Height of the 
Sun above the Horizon. 


DEMONSTRATION. | 


Becauſe the line AB repreſents the Vertical of the Sun, a 
' by Lemms 7. and the point B is the place of the Sun in the 
"Plain, — part BG will repreſent the diſtance from the Sun 
to the Horizon, or the Height of the Sun above the Horizon: 
And becauſe the point D is the Dividing Cenrer of the Arch 
GB, by Lemma 3. that part GB will be meaſur'd by the Angle 
GDB, which conſequently will be the Height of the Sun 
above the Horizon. 2. E. I & D. 
Fig. 11. If the Point of Shadow of the end B of the Style AB be 
mark d upon an Inclin'd Plain, as I, having mark d upon that 
Plain the Zenith or Nadir C, and the Horizontal-line GH, 
by Lemms 7. draw from the Zenith or Nadir C, thro' the 
point I, the line CK, which will repreſent the Vertical of 
che Sun. Then From the Foo of the Sel A draw AL par- 
allel co CK and r of the Style AB, and the 
Indefinite — icular AN, which will be terminated at 
N, (if you MN equal to ML,) and then draw the lines 
NX. 22 INK will be the Heighe of the Sun 


requir'd. 
| DEMONSTRATION. 


It is evident that the line CK, which goes thro* the Zenith 
or Nadir C, and the place of the Sun I in the — _ 
Vertical of the Sun, = conſequently the Part IK 
the Height of the Sun above the Horizon: And as 
IK is meaſur d by the Angle INK, becauſe the point Ni is — 
dividing Center of the line CK, by Lemms 5. it follows, 
E the Sun above the Ho- 

Z. J D 


LEM MAX 

PROBLEM. 

How to find the Sun's Declination, by knowing 
OT the neareſt EquinetF;al Poms. 


Magine a Plain parallel ro the Equator, and chooſe npon it 
Plate. 3. * as A, the Foot of the Style, or for One of the - 
Fig. 12. Pales of the World. Draw thro' that point A, the Indefinite 
Line AD, which you muſt 2 as the Colare of the 
Solſtices; and draw to it thro” the 


— 


Plate 2. 
Fig. 8. 


its di. 
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dicular AE of what length you pleaſe, which you muſt take Plate 3. 
for the of the Style, and then che point E will be the K. 12 
Dividing Center of the line AD, by Lemm 3. Draw to that 
dividing Center E, the Angle AEB of 66 degrees and a half, 
(that is, the Complement of the Sun's greateſt Declination 
which is 23 degrees and a half,) and draw thro? the point B, 
the line FG Loy oy to the line AD 

BD, and at - © > D make the Angle 
Complement of the given Diſtance from 
neareſt Equinoctial Point. Laſtly, draw 
for your Center, thro' the point G, the Ar h 
the point C, where ir cuts the line AD, draw the line EC, 
and the Angle ACE will be the Declination requit d. 


DEMONSTRATION. 5 
Becauſe the point A repreſents the Pole of the World, and 
I 
the Arch AB of the Colure of Solſtices is of 66 = degrees 


in Repreſentation, the point B is the Solſtitial Point, and the 
Perpendicular FG will repreſent the Ecliptick, by Lemma 2. 
whoſe Dividing Center being the point D, the point G will 
repreſent the Sun's place in the Ecliprick, and the Arch HG 
— — it 8 : — = ** of the _ are 
repreſented upon a Plain parallel to t quator by Circles, 
becauſe in that Caſe the Cone of Shadow is cut by a Plain 
parallel ro its Baſe. Thus the AG or AC repreſents the 
diſtance of the Sun from the Pole, or the Complement of 
the Declination of the Sun; and as that AC is meaſur'd 
by the Angle AEC, its Complement or the Angle ACE will 
conſequently be the Sun's Declination. X E. 1. & D. | 


SCHOLIUM. | 


If you wou'd make uſe of the common Method, which de- 
pends upon the Principles of the Octhographical Projection 
of the Sphere, draw the line AB of what length you will, and 
from its end A draw at pleaſure the Arch CBD, to take upon 
it from B on either ſide the Arches BC, BD, of 23 degrees and 
a half each, for the Sun's greateſt Declination ; and joyn the 
Right-line CD, which will be divided at Righr-angles and into 

Two equal parts at E by the Righe-line AB. Draw from that 
point E, thro' the Two points C. D, the Circumference FCD, 
to take upon ic the Arch FG of the given diſtance of the Sun 
from the neareſt Equinoctial Point, and draw from the point 

+ G, the line GH perpendicular to the Diameter CD. Laſtly, 
draw from the point A, thro' the point H, where the Per- 
| | | pendicular 


Fig. 13. 


4 
7 
| 


* 


Fig. 13. 


Angle of 


Plate 3. 


Fig. 12. 
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pendicular GH cuts the Arch CBD,. the ho AH; 
and the Angle BAH, or the Arch BH, will be the Decli- 
nation of the Sun x2 | 
Hence it follows, if you divide the whole Circum- 
ference FCD, into parts of 30 degrees, or into Twelve equal 
arts for the 12 Signs of the Zodiack, and end the reſt xs has 
— taught, you will make an Inſtrument, uſually call'd a Tri- 
the Signs, which is very proper to draw upon a Dial 
the Arches or Parallels of the Signs, as we ſhall teach in Chap 3. 
The Declination of the Sun may be known more etaQlly - 
by Trigonometry, in the Rectangular Spherical Tri | 
ABG, in which beſides the Right-angle B, you know the fide 
AB, or the Complement of the O iquity of the Zodiack, 
and the ſide BG, or the Complement of the diſtance of the 
Sun from the neareſt Equinoctial Point. Wherefore to 
know the Hypotenufe AG, or the Complement of the Sun's 
Declination, you muſt make uſe of this Analogy. 


As the Whole Sine : 
Ty the Sine of the Obliquity of the Zodiack : : 
So the Sine of the diſtance from the Sun to the neareſt Equi- 
not#ial Point. | 
To the Sine of the Sun's Declination, 


The following Table has been calculated according to this 


Method, which Table ſhews the Declination of all the 


De- 
grees of the Signs of the Zodiack, the greateſt Ae A- 
pos d of 23 Degrees and 30 Minutes, tho now it is Hut of 
about 23 Degrees and 29 Minutes, the difference of One 
Minute being inſignificant in Dialling. The Degrees, whoſe 
Number encreaſes as you * downwards in the Firſt Column 
rowards the Lefr, are for the Upper Signs : and the Degrees, 
whoſe Number decreaſes as you go downwards in the Laſt 
Column towards the Right Hand, are for the Lower Signs. 


1 


4 
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Plate 3. 
Fig. 12. 


How to find jon, if it ſbau d ſet or 
riſe at agiven Four, for a given Latitude. 


Uppoſe a Plain ta be parallel to the 322 and chooſe 
in it a Point as A, for the Fat of the Style, or for One 


of the Poles of the World. Draw thro' that Poiat A, the 


Indefinite Line A, which you muſt make the Meridian of 
the Place, and draw thr the ſaid Point A, AE perpendicular to 
it, and of what Length you pleafe, which you muſt rake far 
the Length of the Style, and then the point E will be the 
Dividing Center of the line AD, by Lemma 3. At that Di- 
viding Center E make rhe Ange AEB of the Height of the 


Pole above the Horizon, and draw thro” the ppint B the line 


FG, perpendicular to the line AD. At che point A make the 
Angle DAG of the given Horary Diſtance, taking 15 De- 
grees for One Hour, 30 for Two, Cc. Laſtly, deſcribe 
from the point A, for your Center, thro' the point G, the 
Arch HGI, and theo“ the point ©, where it cuts the liae AD, 
draw the line EC, and the Angle ACE will be the Declination 


requir'd. 4 
DEMONSTRATION. 


Becauſe the point A repreſents the Pole of he World, and 
the Arch AB of the Meridian is equal to the Elevation of 
the Pole above the Horizon, che point B will be in the Ho- 
rizon, and the Perpendicular FG will repreſent the Horizon, 


by Lemma 2. and becauſe the — 1 DAG is equal to t 


Sun's Horary diſtance, the line AG will repreſent che Hour- 
Circle of the Sun, and the point G wilt be the riſing or 
ſerting Point of the Sun, wherefare the Circle HGI will re- 
preſent the Parallel of the Sun, zs you read in Lemma 10, 
where you ſaw alſo chat the Angle ACE is the Sun's Decli- 
nation. Q. E. I, & D. * | 


-$CHOLIUM. 


Eg. 14. If you wou'd make uſe of the common Method, which 


depends upon the Orthographical Projection of the Sphere, 
draw. the line AB of whit Length you pleaſe, and from its 
end A, draw at pleaſure the Arch CBD, to take upon it 
from Blon either ſide the Two Arches BC, BD, each - the 

| | | . Om. 


= = — —— — 


Complement of 
1 — 2 
by the line 


and into Two equal parts 

Draw from * £ * L. ch iro? the * 0 points C, D, the 
— — FO, w 22 it the : of the 
L af Gy 


Horary Diſtance, nu he 
dicular to the Diameter CD, 7 raw w from A, thro the 
cuts the Diameter CD, 


t che 45 
dae ve e PT will be the Declination 
which the e werd bore, if ie ou d Riſe or det at the 


d. 

It e , That 3 ;f a white Ciicumfirence FCD 

be Divided into Parts of 15 Degrees each, or into 24 equal 
rts, and the reſt be ended ay has been radghr, an 47 

. will be made, which i is uſually call'd the 77. 

Diurnal and Nocturnal Arches, whith is very uſeful t =p a6. 4 

upon 2 Dial the Parallets of the Riſiog or Setting of the Sun, 


or the Length of the Nays and Nights, as will be tingke in in 


at Tight, A 


Ch 
5 "This Declination may be known fore 


Frigo- 
nom in the ReQingul ar 5p herical Triangle 9 
whieh beſides the « Right A Angle B , the fide AB (or the * 
plement of the teſt Declination is known, and 
alſo the Angle AG a ich is the Horary Diſtance. Where- 
fore to know the Hyporenuſe AC, ar the Complement of 


the Sun's Declinatioa, you muſt this Analogy : 


Hs t the Whole Sine: 


Iv the Sine of % 3 the hear Diſtance:: 
Ta the Ta > — Complement of the Height of the Pole : 


To the Tagen of rhe Sun's Drcliuation. 


After this manner the following Table has bern Calcu- 
lated, which ſhews the Declination of the Diurnal and 


| Nocturnal rches foceve 
of the E ns 


| 
K 
| 
| 
* 
15 


Hour for the different Illi 


30 to 66 Degrees. 
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Elevation of the Pole above the Horizon, Plate 3. 
1 Fig. 146 


1 Figs 12 


20 
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A Table of the Deelination of "the Diarnal and 
' "Mute! Arles fr Ae e. 


12.44 
112.16 


Xl It. 
DM. 


. * 


XV. 
DN 


. 
* 


5225 


32.29 
31.29 
30.31 
29 34 


28. 40 


— 
27-47 
26.55 
26, 6 
25.18 
24.31 


23.46 
23. 8 
22.19 


21.37 
20.56 


20.17 


19.38 


19. 1 
18.24 
17-48 122.44 
by. 718 
16.39 
16. 6 
15 33 
15. 0 
as 29 
"3 57 
1327 
[2.57 
12.28 


N 


D. M. 


40 
39.46 
38.40 
37.46 
36-33 


n 
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L 


| A | XIX. 


53.57 
52.59 
F1. 46 
50. 42 
172 38 


112-5 


46. 28 


42. 23 
41. 23 


43 | 40. 23 
39. 24 
38. 25 


36. 30 
35- 33 
34- 36 


50 133+ 39 


5713243 


31.48 
30. 52 


29. 3 


| —_ 


28. 9 
27. 16 


25. 29 
24. 37 


D. M. 


49.51 N 


45. 26 
44-25] 
43. 24 


37. 28 


29 58] 


26. 22 7 . 


If you wou'd know the Quantity of the Horary Arch BG 
ſet off the Hypotenuſe BE on B 


B 3 


XII. XXIII 
4D. N. 


D, and draw the Right-line 
DG 


Plate 3. 
. 12. 
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of the Horary 


DG, and the Angle ADG will be the . 
Arch — which may be found more _—_— —— 
the — Analogy in the fad Rettangular 
Dungl ABG # 
As the has Sims: - 
To the Sine of the Bevation of the Pole: ; 1 a 
So'the Tangent of the Horary Diſtance: 12 
To the Tangent of the Horary ch. | 


Wa. 
ks (*) 


„ . 
: 


According 6 this Method we have calculated * 
Table, which ſhews the Horary Arches The 

or Hour, for every Degree of Latitude. 
ſhew the Half-Hours, between which, and the Whole | 
are IN oy pain enen | 


* 5 wy 
| | 
1 1 
g 1 
a * 4 j * 
: 
vil Fo: | 
F 0 
% A The 
+ Wa * 
* f 
| 2 
38 g 
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a i [ 
| 3 | 
| . 
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Ae 23 
ler. & Hey Heber, for eumy Degree of 
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A Continuation of the Table. 
e 
A. P PD. M. D. M. D. M. P. N. D. M. 
3] 61 3-17} 6.38] 9.3213 1216.32 
3 62] 3-19] 6.42| 9.58[ 13.20] 16.42 
2 63 3-22; 6.45 lo. 3[13-26]16.50 
2 64] 3-23] 6.4810. 813.3301678 
|, [55 [3:24] 4.51 110-13[23-40|17. 62035 
I 66] 3.26 | 6. 540. 18 13.46 17.142044 
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18 63] 3.28} 7. 10.27 13.57% 17.2821. of 
7 69] 3-30] J. 3.31014 3| 17.35 [21. 8 
4 70 3-3 1*| 210.3514. 81242 21.16] 
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0 1 225 21· 10.53 14:3 18.9 — 
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18 83] 344 727|(1.10|14-54| 18.35] 22-21] 
31 184} 3-44} 7-28]1t.12{14.55 | 18.39] 22-23] 
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3 89] 3:45| 7:39]11-15 . 0|18.45 [22-30] 
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a given La[itude, _ 
'Magiae, as before, a Plain parallel\ro, the Equator, and Plarze; 
in it a Point, as A, for. the Foot of the Seyle, ot — — 
One of the Poles of the World. Draw theo the Point ; 
\ the Indefinite Line AD, which you muſt take for the Me- 
ridian of the Place here you are, and draw to it, ar the ſaid 
Point A, the Perpendicular AE, of what Length you, , 
which, muſt be the Length of your Style, and then the Point 
E will be the Dividiag Center of the Line AD, Lm. 3. 
Then at the Dividing Center E. draw the Angle AEB, of 
the Height of the Pole above the Horizon, and the Angle 
AEC of the Diſtance of the Sun from the Pole, ar of the 
Complement of the Sun's Declination on the given Day, 
Which vou will find / Lem. 10. Afterwards draw as before, 
thee? the Point B, FG, icular to the line AD, which 
will be che Horizontal Line, as was ſhew d ia Lew. tr. and 
rag. Ar Pole A for your Center, draw thro' the point C 
the Circle HCI, which will repreſent the Sun's Parallel, as 
we have alſo ſhew'd in Lem. ft. and which will upon 
the Horizontal FG, grve G the point of the Sun's Riſing or 
Setting. - Wherefore the Arch BG, will be the Complement 
of the Sun's litude, whoſe Quantity will be known 
y ſetting off BE, at BD, and drawing the line DG, which 
wiJl. make the Angle BD, with the Horizontal Line FG, 
whoſe Quantity being meaſuc'd with a Protractor, or any 
other w. . you will have the Amplitude requir'd; 


' _ DEMONSTRATION. 


The Point D being the Dividing Center of the Horizontal 
Line BG, by Lem. 3. the Angle ADG will be the meaſure of 
the Part BG, or of the Complement of the Sun's Amplitude; 
and as the Angle GBD is the Complement of the Angle 
Ab, it follows that chat Angle BGD is the Sun's Ampli- 
tude. N. E. I. & D. 


'$SCHOLIUM. . 


Inſtead of making Uſe of che Gnomonick Projection for 

the Solution of this Problem, you may eaſily make uſe of 

the Orthographical nate 4 of the Spheres which 2 
| 2 m 


| 


: 


cClination, and draw the line F 


Point, or Weſt Point, the Meridian of the Place, or the 
Circle BECT, of what bigneſs you and having drawn 


36 A Treatiſe of Gnomonicks. Chap. I. 
muſt make on the Plain of the Meridian of the place where 
you are, in the following Manner; 

Having drawn from che point A, as the true Exft 


at pleaſure the Diameter BC, which you muſt take our 
Horizon, take the Two Arches BD, CE, each of the — 
plement of che Elevation of the Pole, and draw the Dia- 
meter DE which will repreſent the I Mark alſo the 
Two Arches DF, EG, each being the Arch of the Sun's De- 
which will ent the 
Sun's Parallel, and give upon the Horizon BC, H the Point 
of ghe Sun's Riſing or Setting, fo that the part AH will be 
t 's Amplirude, whoſe Quantity will be known by 
meaſuring the Arch IK terminated by the Two lines Al Hk. 
which muſt be perpendicular to the line BC. 
This Problem may alſo very eafily and elegantly be 
ſolv'd by the Principles of the — Projection of 
an here, which muſt be drawn thus, upon the Plain of 
e OTIZOAR. 
Having deſcrib'd from the point A taken for your Zenith 
or Nadir, the Horizon of the Place, or the Circle BECI of 


what bigneſs you pleaſe, and having drawn at pleaſure the 


Fig. 12. 


Diameter BC, which you muſt rake for the Prime Vertical, 
draw to it the perpendicular Radius Al, which will 

ſent part of the Meridian. Then take the Arch BL of the 
Heighe of the Pole, and the Arch LM of the Sun's Decli- 
nation, and draw to the Radius AL the Parallel MN, and to 
the Radius AT the Perpendicular NO, and the Arch BO 
will be the Amplitude requir'd. 

This Amplitude may alſo be known another way and more 
exactly by Trigonometry in the Rectangular Spherical Tri- 
angle ABG, in which beſides the Right-angle D, the 
AB which is the Elevation of the Pole, 1 Hy 
AG of the Complement of the Declination of the Sun are 
known. Wherefore to find the other ſide BG, or the Com- 


_ plement of the Sun's Amplitude, this Analogy muſt be 


© 2 

As the Sine of the Complement of the Elevation of the Pole: 
To the Whole Sine : : 

So the Sine of the Declination of the Sum: 
To the Sine of the Sun' Amplitude. 


According to this Method is the following Table calcu- 


lated, which ſhews the Eaſtern 1 each Degree 


of the Pole's Elevation, from 30 


rees Latitude to 69 
Degrees; and for each Degree of inati 


from 1 De- 


 gree to zo Degrees. A Tae 


* 
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DE 
I. E MMA XIII. 
PROBLEM 
Flow to Draw the Subſtylar Line upon a Plain. 
12 Subſtylar Line is the Repreſentation of a Meridian, 
quen 


which goes thro the Zenith of the Plain, and conſe- 
is perpendicular to the (Horizon of the Plain, and 
to the Plain it ſelf; for which reaſon it is alſo call'd rhe Me- 
ridian of the Plain, upon which the Shadow of the End of 
the Style being come, it is Twelve a Clock to all thoſe 
whoſe Horizon is parallel to that Plain. As this Meridian is 
6 it is repreſented on the Plain by a Right-line, 
Chooſe ws 2 Point, as A, for the 
e upon lain a convenient as A, 
Foot of che Style, and before you fix in it the Style AEg 2 
which mußt be rais'd ar Right Angles upon the Plain, de- | 
ſcribe from it ſeverab Concentrick Circles of what 2 a 
u will, which will repreſent Almacanters in reſpe& of the | 
orizon of the Plain. little afrer the San has begun 
to enlighre the Plain, and when the Shadow of the Style 
AE is not too Long, mark the End of that Shadow, when ir 
touches ane of the Almacarters, as B. It is plain that the 
Shadow of the End of the Style, will not be always in the 
Circumference of che ſame Circle, unleſs the Phin ſhou'd be 
parallel to the Equator ; in which caſe it wou'd be inelin d to 
Degrees of the Complement of the Eleva- 
„dad then the Vertical of the Plain wou'd be 
rLine requir'd : But the Shadow will become 
Shorter and Shorter, and not begin ro grow Longer till the 
Sun bas poſt᷑ d the Meridian, whoſe Repreſentation is here 
requit'd. then till the Shadow of the End of the Style 
uche the” Circumference of the fame Circles again, ro 
mark a Second Point upom it, as C. Laſtly, Divide the Arch 
BC into Two Parts at D, and draw AD, which will 
be the Subſtylar Line requie'd. | | 


DEMONSTRATION. 


A; will be 
Style ill d 


Plate 3. 
Fig. 15. 


44 - AF Treatiſe of Guomanickt. Chap. 1; 


nich; the Three Lines AC, AD, AE, will 


becauſe in e 1 the = wt of s « Cone are 
repreſented ir in ſuc a Cone is cut 
by a Plain parallel to 5 eie * 0 Sun being One 
whole Day in the ſame Circle of of es that is, in Two 
Points of of wy de Height n Phin, as B, C; thoſe 
Two Points B, C, muſt be equally diſtant from the Me- 
ridian of the Plain, and Cor y the Lin AD, which 
Divides the Arch BC into o equal Parts, muſt be the 


Repreſentation of thar Meridian. E41 
SCHOLIUM- 1-4/3 {$1108 


Ic may 2 that the Sun - va maine all the-while on 
the Plain, and then you cannot conven:cntly mark Two Points 
of Shadow in the ſame Circle ; therefore inſtead of T wo Li- 
mited Points, take Three Points at pleaſure ; but the fartheſt 
You can from one another, as C, D, E, and for each. Point of 
Shadow find the Height of the Sun upon the Plain, by Lem. 8. 

frerwards deſcribe from the Foot. of ef he le 4. A, 28 

F, with what Diſtance of the 4 pleaſe, and 
thro” the ſaid Point A, draw at pleaſurg the 
cular Radii AF, AG, and take the Arch GH of the Height of 
the Sun above the Plain,(when the End of the ſhadow * 
Style was at E) to draw the Line FH, which will 22 
give the Point L, thro which, N s Circle 
Center A, you will upon AE have the-Poine Q. Take — 
the Arch Gl of the Elevation of the Sun upon the Plain, 
(when the End of the ſhadow of the Style was ag. D) to Hat 
the Line FI, which will upon AG give the Point M. thro: 
which, deſcribing a Circle from the Center A, will upen 
AD have the Point P. Take allo the Arch "of the Ele- 
vation of the Sun upon the Pliin, (when the End of the ſha- 
dow of the Style was at C. to draw theLine RK. — = 
upon AG, give the Point N, thro” which, deſcribi 
cle from the ſaid Cenrer A, you will u AC have 
O. Laſtly, deſcribe a Circle thro the — rt 
ROS, — thro the Point T, the Middle of the Arch RIS, 
draw to the Foot of the Style A, the Righe-line AT, which 
will be the Meridian of the Plain, or the Subſtylar Line 


requir'd. 
Een RATION 


The! Circle EGE conſider d as the Horizon of 
Plain, its Center, —— oor of che RU A — 


Three Points 


Vertical of the Sun, at the time that the 
Shadow C, D, E, have been mark d; 5 


— 
. * 
% 
* 
* _ 
- 
ie, 


6 


| 
| 
| 


| 
| 
{ 
| 


2188214804372 1432118. 


283% «Þ 


e ave n Mi a 


— 


c 


will each repreſent the Sun's Place on the Plain at that time; 
and the Circle R O 5, will /regreſent the Parallel or Diurnal 
Arch of the Sun, according ro the Laws of the Stereogra- 
phical Projection of the 8 + Thus the Two Points R. S, % 
will be the Points of the Setting and Riſing of the Sun, de- g 4. 
2 juſt in the Middle, is the Subſty lar Line Ar. 8 7. 
E. 
p ,- SCHOLIUM 


This Subftylar thus found upon an Horizontal Plain, will 
ilways be the Meridian of the Place. Ir will alſo be the Me- 
ridian of the Place, being found upon a Vertical Plain, when 
it is Perpendicular to the Horizontal Line; and then it will 
he known that one of the Surfaces of the Plain ſtands full 
Seth, and the other full Nerth: Bur when upon a Vertical 
Plain, it makes with rhe Horizontal Line an Angle equal to 
the Elevation of the Pole above the Horizon, it will 
ſent the Six Hours Circle; chat is, it will be the Six a 


k 
Line, and it will ſhew that the Plain has one Surface to- 


wards the Eat, and the other towards the ef. Laſtly, it 
will alſo be the Meridian of the Place being found upon an In- 
clin'd Plain, when it is perpendicular to the Horizontal- line, 
and it will ſhew that the Plain Inclines towards one of the 
Poles of rhe World. 
+ Aſtronomers make uſe of the Firſt of theſe Methods, to 
find the Meridian-line upon an Horizontal Plain, which is 
of uſe ro em to find the Variation of the Needle touch d 
with a Load-Stone, which formerly. was ſcarce Difcernable 
at Paris, and now is almoſt of fix Degrees North-Weſt ; that 
1s, inftead of 8 North, ir declines from it a- 
ward. 


bour fix 
Bur this Mevidian Line be mark d more eaſi _ an Plate 3. 
Horizontal Plain, by one fingleObfervation of the Shadow of Fig. 15. 
the Style AE, (which I ſuppoſe Perpendicular to the Plain) | 
viz. when the Sun Riſes or Sers; if you make with 
the Shadow of rhe Style AE (rowards the Righr 
Hand when the Sun Riſes, and towards the Left when ir 
Sers) the Angle CAD, equal ro the Complement of the Am- 
plirude of the Sun, (which may be known by Lem. 12. if 
the Amplitude be the Sourh- Amplitude) or to the ſaid Am- 
plitude encreas d by go Degrees, (if it be che North- Ampli- 
rude} the Line AD will be the Meridian requir'd. But this 
Meridian may be drawn yet another way upon an Horizon- 
tal Plain, Le any other Plain whatever, at any Time, 
or any Hour of the Day, by means of One only Point of 
Shadow, as we ſhall Teach in Lem. 16 y 


L EM. | 


Plate 4 


Hg. 18. 


How to find the Sun's Vertical by means of tne 


N | 
Point of Shadow mark'd upon a Plain. 


HIS Point of Shadaw will ſerve to know by Lem gi 
the Sun's Height above the Horizon; by means of 
which, and its Declination, which may be known by Len. 
10. you may know how far the Vertical is diſtant from the 
Meridian, thus : | 
Deſcribe at pleaſure from A for your Center, the Circle 
BFCE, which muſt be the Meridien of the Eiges, god the 
Colure of the Solſtices, and then the Center A will be the 
Eaſtern ar Weſtern Equinoctial Point. Draw thro the Cen- 
ter A the Diameter BC, which muſt be the Horizon; and 
having taken-che Arch BD, or CE, of the Complement of the 
Elevation of the Pole above the Horizon, or equal to the 
Height of the Equator, draw the Diameter DE, which yon 
muſt look upon as the Equator. Mark alſo the Arches DF, 
EG, (each being Arches of the Sun's Declination) above the 
Point D, if the Sun be above the Equator, as we ſuppoſe it 
— and * Gn hy Dang A if the on be Hoe the 
„and draw FG, w parallel to the Equatur 
DE, will repreſent the Sun's Parallel Laſtly, cake the Arches 
BH, CI, (each of the Height of the Sun abave the Horizon) 
and draw the Sun's Almacanter HI, which will upon the 
Parallel FG, give the Point K for the Sun's * according 
to the Laws of the Orthographical Projection aFthe Sphere: 
Wherefore, if from the Point K. you draw to che Line HI, 
the Perpendicular KL, which will be terminated at L, * 
ned be 


Semi-Circle HLI, deſcrib'd on the Line HI; the 
will give the Degrees of the Horizon, com ded 
tween the Meridian of the Place and the Vertical of the Sun, 


or the Diſtance from the Vertical of the Sun to the Meridian; 


that is, the Vertical requir'd; N 
N SCHOLIUM. 
As the Vertical of the Sun is of great Uſe, efpecially to 
draw a Meridian Line upon a Plain. which d al 


the Exattneſs of a Dial; and ſince iris difficult to find out 
this Azimuth with a Ruler and Compaſſes, it will be better 
ro find it out by Trigonometry, as we have taught ar the End 
of our Trigonometry, Book 3. Chap. 4. Queſt. 9. and as we 
ſhall alſo Teach here. Add 
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Add the Three ing things ; the Diftance 
from the to rhe Pole which is rais'd above the Horizon ; 
che Complement of the Height of the Sun; and the Com. 


plement of the Elevation of the Pole; and ſubtract fe. 
parately from half the Sum, the Complement of the Height 
of the Pole, and the Complement of the Height of the Sun, 
to have Two Differences; then make this Analogy : 


Ar the Sine of the — 9 AS: 
To the Sine ef One of the Differences found :: 
So the Sine of the other Difference 


To 4 Fourth Number. 


As the Sine of the Complement of the Sun's Height : 
To the Whole Sine : : 

So the Fourth Number found : 
To a Seventh Number, 


And if that Seventh Number be Multiplied by the whole 
dine, the Square Root of the Produtt will be the Sine of 
--þ a Diſtance from the Vertical of the Sun to the 

0 
To find this Vertical at the Times of the Equinoxes, ſuch 
in Analogy as the following will ſuffice: 


As the Whole Sine : 
To the Tangent of the Height of the Pole : : 
So the Tangent of the Height of the Sun: 3 
To the Sine of the Com of the Vertical of the Sup 
from the Souc h. | 


LE MMA XV. 


PROBLEM. 
How to find the Declination of 4 Plain propos d. 


HE Plain here meant, muſt be cither Ere& or In- 

clin'd ; becauſe an Horizontal Plain cannot be de- 
cliniag, ſince One of irs Surfaces directly faces the Zenith, 
ind che other the Nadir, its Situation is the fame in reſpe&t 
co the Four Cardinal Points of the World: For by a Declining 
Plain we underſtand ſuch aPlain as does not directly face One 
of the Four Cardinal Points of the World; and by the Declina- 
n of ſuch a Plain, the Arch mp ed berween the rime 


Vertical, and the Vextical parallel to rhe Plain, when the Plain 
15 Erett or Vertica 7» Arch of the Horizon compre- 
ended between the Meridian of the Place, and the Vertical 

4 per 


— 


48 


Plate 4 the Horizontal Line BC upon it, and by Lem. 13. the Sub- 
Fg. 19. ſty lar. line DE, take upon that Line DE, a Point at pleaſure, 


1 
1 
ö 
j 2 
| : 


the 


when it is neither Erect or Vertical. nor Horizontal: Or more 
geuerally, the Declinstion of, a Plain is the Arch of the Ho- 
rizon comprehended between the Meridian of the Place and 
the Vertical of the Plain; that is, the Vertical which is per- 
icular to the Plain. 
Firſt, If the Plain be EreR, having by Lew. 7. drawn 


as D, for the Center of the Dial, from whie you muſt ler 
fall the Plumb-line DG, which muſt be your Meridian, with- 
out having any regard ro the Length of the Style Al. Ar 
the Center D, draw FDB, the Angle of the Complement of 
the Heighr of the Pole, and from the Point F, thro' the Point 
B deſcribe an Arch, which upon AK, icular to the 
Horizontal-line BC, will give the Point H, thro' which, if 

ou draw to the Point F, the Line HF, the Angle AHF will 

the Declination requir d. | 


DEMONSTRATION. 


If you take the Perpendicular AH for the Length of your 
Style, whoſe Foot is at A, the Point H will, y Lem. 3. be the 
Dividing Center of the Horizontal-line BC; and if the An- 
gle AHF be taken for the Declination of the Plain, the Per- 
pendicular DG will be the Meridian-line, whoſe Dividing 
Center is B, by Lem. 3. fince the Line FB is equal to the Hy- 
potenuſe EH: Wherefore, if the Pole or Center of the Dial 
is at D, thro' which the Subſtylar-line DE runs, the 
FBD, which Meaſures the Part DF, muſt be equal to 


Height of the Pole, and conſequently the Angle FDB, will 


be equal to the ement of the Height of thePole N. E. D. 

Secondly, If the Plain be Inclin'd, draw upon it the Ho- 
rizontal Line, by Lem. 7. and having rais'd upon that Hori- 
zonral Line a Vertical Plain, find out the Deelination of that 
Ere& or Vertical Plain, as has juſt been Taught, and you 
will have the Declination of the Plain propos'd ; which you 
may alſo have by means of a Magnetick Needle; but you 
muſt take notice of the Variation of the Needle, and take 
care that there be no Iron in, or near the Plain, which might 
draw the Needle out of irs natural Poſition. 


SCHOLIUM. 


The Center D of the Dial has been taken above the Ho- 
rizontal-line BC, becauſe we have ſuppos'd the Ere& Plain 
to decline from the South; that is, its Surface to look 
D towards the Lower Pole, it being certain that if 

was at the Lower Pole, and this Surface cou'd be 
enlighten d 
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perpendicular to the Plain, when the Plain is [zclin'd ; that is, 
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enlighten'd by the Sun, the Shadow of the Style wou'd tend 
upwatds : For if the Plain ſhou d decline from the North; Plate 4- 
that is, if the Surface of the Plain ſhou'd look obliquely to- 5's: 19. 
wards the Upper Pole, as you may know when at Noon it is 

not enlighten'd hy the Sun ; the Center muſt have been 

taken below the Horizontal-line BC, becauſe if the Sun was 

in the _— Pole, the Shadow of the Style wou'd tend 
downwards. _ 

You need only do this when you wou'd have- the true 
poſition of the Center ; for when you wou'd know no more 
then the Declination of the Plain, you may take the Center 
either above or below the Horizontal-line. But this Center 
D, and the Meridian DG, is determin'd thus oaly in reſpe& 
of a Style whoſe length is AH; and if you wou'd have ic 
in reſpe& of the Style AI, make the Perpendicular AK equal 
to the Length of that Style Al, and draw from the Point K 
to the line HF, the Parallel KO, which upon the Horizontal 
BC, will give the Point O, thro' which you muſt draw per- 
pendicularly the line MN for your Meridian Line, and the 

oint M where the Subſtylar Line meets it, will be the 
enter of the Dial in reſpett of the Style Al, Cc. 
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* PROBLEM. 

y- Heu to draw the Meridian Line «upon a Plain; 

F the Plain be Horizontals the Subſtylar Line will be the Plate 3. 

« Meridian requir'd, which may be mark d upon that Fg. 15. 

11 Plain, by means of the Sun's Eaſtern or Weſtern Amplirude, 

" or otherwiſe, as has been taught by Lemma 13. or elſe by 

* means of the Sun's Vertical, which having been found by 

1. Lemma 14. You. muſt with the Line of Shadow AB, make 

* the Angle BAD of the Sun's Vertical on the Right Hand, 

— if the obſervation has been made in the After-noon ; or with 

— the Line of Shadow AC, the Angle CAD of the Sun's Ver- 

— tical on the Left, if the Obſervation has been made in the 

he Fore-noon, and the Line AD will be the Meridian. | 

be But if the Plain be Vertical, the Subſtylar Line will alſo 5 
be the Meridian requir d, when it . to be perpendi- Plate 2. | 
cular to the Horizontal-line ; and when it makes with the Fige . 
faid Horizontal-line an Acute Angle greater than the Ele- 

os vation of the Pole above the Horizon, (for it cannot make 

* a leſs) the Plain will be Declining, whoſe Declination 

* having been found by Lemma 15. you muſt at the point E, 

it which is the 11 of the Horizontal- line DE, 

be (which before muſt have 1 1 drawn upon the * 

'd | | 


/ 
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Plate 2. Lemma 7.) draw the Angle CFG of the Declination of the 

Ee. 8, Plain, on the Right or on the Left as the Plain ſhall decline 

8. 8 Eaſtward or Weſt-ward, and thro the point G draw the 
Perpendicular AB, which will be the Meridian Line. 

This Meridian may alſo be drawn upon a Vexrtical-plain 
without knowing either its Declination or the Sun's Ver- 
tical, by means of Two Points of Shadow mark'd the ſame 
Day-upon the ſaid Plain as H, I, when the Sun has the ſame 
Height above the Horizon, which you may know by ob- 
ſerving when the end of the Shadow of a Style fix'd per- 
pendicularly ro any Horizontal Plain, falls before Noon, 
and in the After-Noon upon the Circumference of the ſame 
Circle whoſe Center is the Foot of the Style, as if you 
wou'd mark upon it the Subſtylar Line: For if thro” thoſe 
Two Points H, I, you draw to the Horizontal-line DE, the 
Two Perpendiculars DH, KI, which will repreſent Two 
Verticals of the Sun equally diſtant from the Meridian, and 
after having drawn from F the Dividing Center of the Ho- 
rizontal-line DE, the lines FD, FK, you divide the Angle 
DEFK into Two equal parts by the line FG, you will upon 
the Horizontal- line DE have the South Point G, thro*' which 

you may draw perpendicularly the Meridian AB. 

Laſtly, if the Plain be Inclin'd, you muſt draw upon it 
the Meridian Line by means of its Declination , thus ; 
Having by Lemma 7. found the Zenith or Nadir C, and the 
Horizontal-line GH, ſet off upon CD the Vertical of the 
Plain the Hyporenuſe EF, from F ro D, which Lemma 3 will 
be the Dividing Center of the Horizontal GH, and at the 
point D draw the Angle of Inclination FDI, on the Righe 
or on the Left according as the Declination is, to have upon 
the Horizontal GH, the South Point at I, thro' which and 
the Zenith C, you muſt draw the Right-line CK, which 

will be the Meridian requird. ; 
4 The Line Dl is call'd the Line of Declination, which may 
| in this and in the Vertical Plain be parallel to the Horizontal, 
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"4 viz when the Declinatien of the Plain is exactly of go De- 

N ees; and then you muſt draw the Meridian parallel to the 

= orizontal-line in the Inclin'd Plain, drawing it always thro? q 
the Zenith or Nadir C ü tf 

1 Fig. 11. If you wou'd make uſe of the Sun's Vertical, having D 

| drawn thro* the Point of Shadow I, and the Zenith or Nadir of 
C, the Vertical CK, and having found as we faid before, C 
the Dividing Center D of the Horizontal GH, draw the th 


| line DK, and with it make the Angle KDH of the Sun's Ver- 

8 tical, (on the Right or Left, according as the Obſervation 
has been made before or after Noon, ) to have upon the Ho- 
rizontal-line the South Point at H, thro' which and the Ze- 
nith C, you will draw the Meridian CH. If 
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If you wou'd make uſe of Two points of Shadow mark d i 
the ſame Day upon the Inclin'd Plain, at theſe times _ 2 
and after Noon that the Sun is at the ſame Height above the * 
Horizons as I,K ; draw from the Zenith or Nadir C, thro' the 
p_ I. K. the Verticals CH, CG, which will be equally di- 
ant from the Meridian, and the point of that Meridian will 
conſequently be in the middle of the Arch of the Horizon 
GH ; wherefore to find that middle Point, you muſt draw 
from the Dividing Center F, thro' the points G,H, where 
the Horizontal is cut by the Two Verticals of the Sun, the 
Rays FG, TH, and the Angle GFH muſt be divided into 
T wo equal parts, by the line FL, which will upon the Hori- 
zontal GH, give the South Point at L, thro which, and thro? 
the Zenith, or Nadir, you muſt draw the Meridian-line CM. 


CHAPTER II. 
/ Horizontal Dials. 


JE call Dial in General, an Inſtrument which ſhews 

the Hours by means of the Sun, Moon, or Stars, 
whether it be by Rays ſent directly, or by Reflection, or by 
Refraftion : And when we ſay only Dial, ic muſt be under- 
ſtood of a Sun-Dial, which is call'd a Horizontal Dial, when 
it is drawn upon an Horizontal Plain, whoſe different Con- 
ſtructions we ſhall here teach according to the ſeveral Caſes 
which may happen. 


PROBLEM I. 


How to draw an Horizontal Dial, beginning at the 
Foot of the Kyle, in the Oblique Sphere. ' 


Aving determin'd the Point A for the Foot of the Fig. 27. | 

Style, draw at pleaſure thro that Point A, the Meri- | 
dian CG, if the Plain is moveable, otherwiſe you muſt draw 
this Meridian CG as has been taught in Lem. 16. of Chap. 1. 
Draw thro' the Foot of the Style A, the Line AB equal to 
the Length of the Style, and perpendicular to the Meridian 
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* CG, to have at B the Dividing Center of the Meridian. At 
he that Point B towards the „ draw the Angle ABC of the 
10 Complement of the Elevation of the Pole, to have the Pole, 
or Center of the Dial at the Point C. Draw on the other ſide, 


that is, toward the South, the Angle ABD of the Height of 
the Pole, to have at D * of the Equator, thro which 
2 you 


Fig. 21. 


Plate 4. J 
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ou muſt draw to the Meridian CG, the Perpendicular EF, 
which will be the Eguinoctial Line, or Repreſentation of the 
Equator. Set off the Line DB, which is call'd the Radius of 
the Equator, upon the Meridian from D to G, which will be 
the Dividing Center of the Equinoctial EF, and which is 
call'd the Center of the Equator. _ deſcribe from that 
Center of the Equator G, the Circle MDN, and divide it 
into Parts of 15 Degrees, beginning at the Point D of the 
Meridian, to draw from the Center G thro' the Points of 
Diviſion Radi, which will upon the Equinoctial EF give the 
Horary, or Hour-points, thro* which you muſt draw from 
the Center of the Dial C, the Hour-Htines, which you muſt 

oduce beyond the Center C, to have the Lines of thoſe 
— at which the Sun riſes or ſets before Six. As for the 
Six a Clock Line, whoſe Point cannot be found upon the 
Equino&ial-line, it muſt be be drawn perpendicular to the 
Meridian, or parallel to the Equinoctial. | 

The Style rais'd at Right Angles on the Point A, of the 
Length AB, will ſhew the Hours when the Sun Shines, by 
the End of its Shadow, when the Center of the Dial C is 
directly turn'd towards the South, which may be eaſily ſet 
ſo by means of a Magnerick Needle, when the Plain is move» 
able. But inſtead of a Right, or Erect Style, it is more conve- 
nient to make uſe of an Axis, as BC, raiſing perpendicularly 
upon AC the Triangle ABC, which we ſhall call the Trian- 
gular Style, which may be as long as you will, if the Axis BC 
makes an Angle with the Plain, equal to the Height of the 
Pole, becauſe its Shadow by covering the Hour-lines will 
more plainly ſhew the Hours than the end of the Style, whoſe 
Shadow goes eaſily out of the Plain, when the Sun is not very 
high above the Horizon. | 


SCHOLIUM. 


If the Length of the Style AB had been taken ſomewhat 
ater,'you cou'd not have mark d upon the Equinoctial EF, 
the Two laſt Points EF of 5 and Seven a Clock, becauſe they 
wou'd have fall'n out of the Plain, and therefore the 5 and 
Seven a Clock Lines cou'd not have been drawn. In ſuch a 
Cafe you may find Points for the 5rh and th Hour upon an- 
other Line nearer the Center of the Dial C, and parallel ro 
the Equinoctial EF, as upon the Line RS, ſetting off the di- 
ſtance of the Points of the Hours 3 and 9 taken upon that 
Line, from the Point 4 to R. which will be the Point of 
the 5th Hour, and likewiſe from the Point of 8 upon the 

ſame Line to S, which will be the Point of the 7th Hour. 
You may after another Manner find the ſaid Points of the 
Sth and 7th Hour, thus; Take at pleaſure One of the _ 
mes 
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lines already drawn, for Example, the Four a Clock Line, 
and mark the Point T where it cuts the Ray GE of the 5th 
Hour, and draw thro' that Point T, and the Interſetion D 
of the Meridian and Equinoctial, the Indefinite-line TX, 
which will be terminated at X, by the Interſection of the 
Ray GL, of the 8th Hour, as far diſtant from the Meridian as 
the Four a Clock Line which you have taken, and that Point 
of Interſection X will be the Seven a Clock Point, thro' which 
may be drawn from the Center of the Dial C, the Line of the 
7th Hour, and after the fame Manner That of the 5th Hour. 


DEMONSTRATION. 


For the Demonſtration of this Operation, which is not 
common, produce GK, the Four a Clock Ray, till it meets 
CE the Five a Clock Line in a Point, as V. and draw the 
Lines DV, DX. I fay that the Line CK is as far from the 
Meridian CG, as the Line CE, which is the 5 of the Clock 
Line; that is, the Angle GCX is equal to the Angle GCV. 

For in the Triangle CEG, whoſe Baſe is CG, and Perpen- 
dicular ED, which falls within it, the Angle EDT is equal 
to the Angle EDV, by Lem. 4 Chap. 1. and conſequently ro 
the Angle FDX ; and becauſe the Obtuſe Angle DRV is alſo 


Plate 4 
Fig, 21 = 


equal to the Obtuſe Angle DXL, by reaſon of their being 


made by Rays equally diſtant from the Meridian, which 
cauſes alſo the Two Lines DK, DL. to be equal, it follows, 
by 26. 1. that the Two Triangles DKV. DLX, are equal, and 
that the Side DV is equal to the Side DX: And becauſe the 
Side CD is common to each of the Triangles CDV, CDX, 
and the Angle CDV is equal to the Angle CDF, becauſe they 
are the Complements of the Two equal Angles EDV. FDX, 
it follows, by 4. 1. that theſe Two Triangles CDV,CDX, are 
equal to one another, and that the Angle DCX is equal to 
the Angle DCV. AE. . | 

The Five and Seven a Clock Lines may be alſo drawn an- 
other way, as we ſhall teach in the next Problem, and the E- 
quinoctial Line EF may be alſo divided into Hours, with 
only One opening of the Compaſſes, thus: 

Deſcribe from the Center D, thro' the Point B, the Circle 
GHPI, which will go thro' the Center of the Equator G. and 
give upon the EquinoQtial-line EF, the Two Points HI, of 
the 3d and gth Hour, and ſer off the ſame diſtance upon the 
Circumference of that Circle to G, on either ſide ro VH, and 
N. and from theſe Two Points M. N. upon the Equinoctial 
EF, ro the Points K, L, which will be the 4 and 8 a Clock 
Points, ſet off the ſame diſtance T wice, from K ro E, which 


will be the 5 of the Clock Paine, and if you do as much on. 


3 the 


Plate 4. 
Fig. 21. 
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the other ſide, from the Point K, you will have the Eleven a 
Clock point. Likewiſe ſet off the ſame diſtance Twice, from 
L to F, which will be the Seven a Clock Point; and if you 
do as much on the other ſide, from the ſaid Point L, you will 


have the One a Clock Line. Laſtly , ſet off the ſame di- 


ſtance from M to P upon the Circumference of the ſame Cir- 
cle at O, thro which drawing from the Point & the Ray GO, 
you will have on the Equinoctial the Two a Clock Point, 
and if you do the ſame thing on the other ſide, you will upon 
the ſaid Equinoctial have the Ten a Clock Point. 

This Method is eaſier in the Practice than the Firſt, and 
conſequently leſs liable to Errors ; becauſe in the Firſt Me- 
thod if you happen to be ever ſo lictle our, in dividing the 
Circle MDN, or in drawing the Radii from the Center G, 
thro the point of Diviſion of the Circle MDN, (even tho? it 
ſhou'd be very exaQly divided) you will err in thoſe Hora- 
ry-points, which are the fartheſt diſtant from the point D of 
the Meridian. But we will give you a Third Method for 
dividing the Equinoctial into Hours, which is yet to be pre- 
ferr'd to the foregoing, becauſe it is done without deſcribing 
a Circle, as you will fee. 

Ser off GD the diſtance of the Center of the Equator, or 
the Length of the Radius of the Equator DB, on either ſide 
upon the Equinoctial EF, from D to the point H. I, which 
will be the Points of Three and Nine a Clock. Set off the di- 
ſtance HI of thoſe Two Points, on either fide upon the ſame 
Equinoctial EF, from the Center of the Equator G, to the 


points K, L, which will be the Points of the 4th and 8th Hour, 


and from K to E, which will be the Point of the 5th Hour, 


and alſo on the other ſide to have the Point of the 11th Hour: 
And likewiſe from L to F, which will be the Seven a Clock 
Point; and alſo on the other fide for the One a Clock 
Point. The 4 and the 10 of the Clock Points are the onl 
Points wanting, which will be found by dividing the di- 
Gance KL, from the 4th to the 8th Hour, into three equal parts. 
If beſides the Hour-points, you wou'd have the Half. hour - 
points, the Circle MDN muſt be divided into Twice as 
many parts, and into Four times as many, if you wou'd have 
the Quarters, &c. But theſe Points ma found by a 
ſhorter Method, thus: Having ſet One of the Legs of your 
Compaſſes on theſe Horary-points mark d upon the Equi- 


noctial-line, whoſe Number is odd, wiz. on the Points of 


» 3, 1, 11, 9, and Seven a Clock, extend the other Leg of the 
ompaſles as far as G the Center of the Equator, to have 
Diſtances which being ſet off on either fide upon the Equi- 
noctial, from the ſame FHour-points, you will have the Half. 
hours, by means of which you may likewiſe find the Quar- 
F ; REA ; | ters, 
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ters, Cc. The Demonſtration of theſe Operations are ſo 
eaſy that I need not give ir. 


PROBLEM II. 


How to deſcribe an Horizontal Dial, beginning by the 
Center of the Dial in the Oblique Sphere. 


1 the Center of the Dial be at the point A, draw from 
that point A the Two Perpendiculars AC, EF, of which 74e f. 
Ac being the Meridian, EF muſt be the Six of the Clock Vg. 22. 
Line. Make at the point A, with the Meridian AC, the An- 
gle CAD of the Height of the Pole above the Horizon of the 
Place where you are, (as at Paris of 49 Degrees, not minding 
the Minutes which ſignify lictle,) by means of the Line AD, 
which will repreſent the Axis of the World, which may be 
either Longer or Shorter according to the Length and Breadth 
| of the Plain. Draw to that Axis AD thro” its end D, the Per- 
pendicular DB, which will be the Radius of the Equaror, and 
will give upon the Meridian AC, the point B of che Equator, 
thro which you muſt draw to the Meridian AC the Perpendi- 
cular GH, which will be the EquinoRial-line. Draw alſo thro 
the ſaid Point D, to the Meridian AC, the Perpendicular DS, 
which will determine the Length of the Style, and irs Foot, 
at the point S. Laſtly, ſet off the Radius of the Equator BD 
on BC, to have at C the Dividing Center of the EquinoGial 
GH, which may be divided into Hours, as has been taught 
in Probl. 1. But as the laſt Hour-points will not be fo exact, 
it will be better to end the Dial thus: 
Having * * the Six of the Clock Line EF, taken the Two 
lines AE, AF, each equal to the part AC of the Meridian, 
draw the lines CE, CF, which will give upon the Equinoctial 
the Two points G,H, of the 3d and gth Hour, from whence 
you muſt draw the Two lines GI, HK, perpendicular to the 
Equinoctial-line GH, or parallel to the Meridian AC. Then 
defcribe from the Points C, E, F, the Arches PQ, LM, NO, 
to divide each of em into parts of 15 Degrees, and to end 
the reſt as you ſee in the Figure. | 


DEMONSTRATION. 


If an Hour-line be produc'd, ( for Example, the Four of the 
Clock Line) till it meets the Equinoctial at a Point, as R, 
thro which you draw to the Center of the Equator C, the 
Ray CR, that Ray CR being the 4 a Clock Ray, will make 
the Angle ACR of co Degrees: But to demonſtrate that the 

Angle ACR is juſt of 60 Degrees, and conclude thence that 
the line AR is waly the 4 » Clech Line, ic will ſuffice 
' I 4 ro 


mn 
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to demonſtrate that the Rectangular Triangle CBR is Similar 
Plate 5. to the Rectangular Triangle EIA, where the Angle E4l is 
. Fig. 22-of 60 Degrees, which is evident in the Similar Triangles 


_ : T4: IA, or the Four IE: BR: : II: BC, are proportional, 
e. 


SCHOLIUM. 
| As this Operation requires the Plain to be Large, 
7 that you de oy mark upon the Six a Clock Line EF, the 


Two points E, F, I ſhall add another Method to defcribe 
more eaſily a Horizontal Dial up on a little Plain, with- 


Principles of the Orthographical Projeftion of the Sphere, of 
which we have given no particular Treatiſe. 

Deſcribe from the Center A, with what diſtance you pleaſe, 
the Semi-Circle ECF, which will be divided into Two equal 
parts at C by the Meridian AC. Divide each Quarter of the 
Circle CE, CF, into Six equal parts, and draw thro the Points 
of Diviſion , Lines parallel to the Six a Clock Line EF, 
which will be divided at Right-angles, and into Two equal 
parts by the Meridian AC, at the Points D, G. H, I, K. Take 
the Arch CB of the Degrees of the Pole's Elevation above 
the Horizon, and draw the Axis AB, by means of which, you 
muſt mark the Hour-points upon the foregoing Parallels, ſet- 
ting off the diſtance from the Firſt point K to the Axis AB, 
upon the Firſt oppoſite Parallel, from D on either ſide to the 
Points 1, 11, and likewiſe the diſtance from the Second 
point to the ſaid Axis AB, upon the Second oppoſite Paral- 
lel, on either ſide from G to the points 2, 10, and fo on. 

Theſe diſtances will be found by drawing from the points 
D. G, H. I, K. as many Lines perpendicular to the Axis AB, as 
DL, GM, &. or more eaſily by deſcribing from the ſaid 
points D, G, H, I. K. Arches which touch the Ari AB, which 
may be done eaſily at Sight, without any ſenſible Error from 
the true Length of thoſe Perpendiculars. 


DEMONSTRATION. 


Tho' we cannot here give a Geometrical Demonſtration 
of this Operation, becauſe, as we have ſaid before, it depends 
upon the Principles of the Orthographical Projection of the 
Sphere: Yet we may be ſure that it is right, by ſhewing, that 
the ſame Analogy, which is found by the Principles of Gno- 
monicks, to know the Horary-angles, is alſo found by this 
Method, thus : | 

To find, for Example, the Horary Angle of the Four a 
Clock Line, or the Angle CA, which the _ 


Fig. 23. 


ABR, AI. where you ſee by 4. 6. that the Four Lines AB: 


out giving its Demonſtration, becauſe it depends on the 
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Al makes with the Meridian AC, you muſt conſider that 
the Line AG is the Sine of the Horary Diſtance, in reſpe& of 
the Whole Sine AC, becauſe it is equal to the Sine NI of 
the Horary Diſtance, CN: And becauſe the Line Al is equal 
to the Sine of the Complement of the ſaid Horary Diſtance, 
in reſpect of the Whole Sine AC, becauſe ir is equal to the 
Whole Sine NO of the Arch EN, which is the Complemenc 
of the Horary Diſtance CN. | 

Becauſe in the Triangle AMG, re&angular at M, the Sine 
of the Right-angle M. or the Whole Sine: is to its oppoſite 
fide AG:: as the Whole Sine of GAM the Angle of the Ele- 
vation of the Pole above the Horizon; is to the Sine of its 
oppoſite ſide GM, if 4 be put for AG, or for the Sine of the 
Horary Diſtance , . for the Sine of the Angle GAM, or for 
the Sine of the Height of the Pole, and r the Sine of the 


Right-angle M, or for the Radius, you will have -— foe the 
3 


&ine CM, or for the Line 1.4. its equal. 

Becauſe in the Triangle AL, Rectangular at I, the Side Al: 
is to the Side Ia: as the Radiu is. to the Tangent of the Ho- 
rary Angle All; if you put c for Al, or for the Sine of rhe 


Complement of the Horary Diſtance, you will have — for the 
by c 
Tangent of the Horary Angle IAA, and by reducing the 
5 
Fraction Tinto Proportion, you will have this Analogy: 


As the Sine of the Complement of the Horary Diſtance: 
To the Sine of the Horary Diftance:: 

So the Sine of the Elevation of the Po la: 
To the Tangent of the Horary Angle. 


And if inſtead of the Two firſt Terms, (viz. the Sine of 
the Complement of the Horary Diſtance, and the Sine of the 
Horary Diſtance) you put the Whole Sine, and the Tangent 
of the Horary Diſtance, you will have this other Analogy : 


As the Whole Sine | | 
To the Tangent of the Horary Diſtance : : 
So the Sine of the Height of the Pale: ; 
To the Tangent of the Horary Angle. 


which is the ſame as that which is taken from the Principles 
of Gnomonicks, as you will ſee. 

Since by the general Conſtruction of the Horizontal Dial, 
the Angle SDB is equal to the Elevation of the Hole, and 
the Angle SDA is equal to the Complement of he 

. eig 


Plate g. 
Fig. 23. 


| 


i! 
. 
1 
F 


Plats 5 Height of the Pole above the Horizon , if you take the 


Fig. 22. 
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Length of the Style DS for the Radius, or for the Whole Sine, 
which we will call », the Line BS will be the Tangent of 


the Elevation of the Pole, which we will call t, the Line BD 


will be the Secant of the Elevation of the Pole, which we 
will call s, and the Line AS will be the Tangent of the Com- 
plement of the Elevation of the Pole, which we will call c. 
This Preparation being made, you muſt conſider, that fince we 
have ſuppos d AS ind BS, you will have AB ct: and 
becauſe BD has been ſuppos d equal to 7, its equal BC will 
alſo be equal to s, which being taken for the Whole Sine, the 
Line DR will be the Tangent of the Horary Di ſtance, or of 
the Angle BCR, which you find in the Table for the Whole 


Sine r. And if you call it d, you will find BR — becauſe 
Fr 


in the Rectangular 2 CBR, the Whole Sine: is to che 
Tangent of the Angle B CR. : as the Side BC: is to the Side BR. 
Becauſe in the Rectangular Triangle ABR, the Side A 


or ce: is to the Side BR or: as the Whole Sine, or r: is to 
| $ 
the Tangent of the Horary Angle BAR, you will have— 


for the Tangent: And becauſe in the Rectangular Triangle 

ADB, the Angle BAD is equal to the Elevation of the Pole, 

if you call 2 its Sine, which is found in the Tables, for the 
ry 


3 
ſaid Whole Sine r, you will find AB, or c+: A Where- 
d 7 4 
fore if inſtead of ct, you — inſtead of —, which we 
- c 
have found for the Tangent of the Horary Arch BAR, we 


ad 
| Thall have —, whence is deduc'd this Analogy : 
F 


As the Whole Sine : 

To the Tangent of the Horary Diftance :: 
So the Sine f the Height of the Pole: 

To the Tangent of the Horary Angle. 


which is the ſame as the foregoing, and which we have 


drawn from Spherical Trigonometry, in the Conſtruction of 
the Horary Arches, which are the Meaſure of the Horary 
Angles, from whence may be drawn a ſhorter Method than 
the foregoing, for the Deſcription of a Horizontal Dial, al- 


ways beginning by its Center: For if from the Center of the 


Dial A, you deſcribe at pleaſure the Circumference of a 
Circle, which will repreſent the Horizon, to take upon 1 
| | i 
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can be drawn. 


which will determine the 


A Treatiſe of Gnomonicks. 59 
either ſide from the South Point C, the Degrees and Minutes 


of the Horary Arches, which is found in the Table of Page Plate 5. 
3 over-againſt the Degrees of the Height of the Pole above Pig. 22. 


Horizon of the Place where you are; and from the 
Points mark'd upon that Circ arpferer 


ou draw to the 
Center A, the Hour-lines, N55 | 


2 * & a Dial as 
Kg 


oF — 

S. 
PROBE 
» « 


Sh, 2 
How to araw an Horizont De 


N PL 

inning at the 
Points  f 5 and 7 a Clock, mark'd upon the Equi- 
n ne. 


EAST it ſhou'd happen, that all the Hour-Points can- 

not be mark'd upon the Equinoctial-line, you may 

begin the Dial by the ſaid Equinoctial, taking its Two Ends 
for the Points of 5 and y a Clock, after this manner: 


Having derermin'd the length AB of the Equinodtial at Plato 6. 
pleaſure, and taken its end A for the Five a Clock Point, Fig. 25. 


and the other end B for the Point of 7, divide that Equi- 
noctial AB into Two equal Parts at the Point O, which will 
be the South Point. . Deſcribe upon the ſaid EquinoQtial AB, 
the Equilateral Triangle ABC, and draw the Meridian CO, 
which will be terminated at the Point D by the Arch ADB 
deſcrib'd from the Center C, thro' the Two ends A,B, and 
that Point D will be the Dividing Center of the Equinoctial 
AB, which may be divided into Hours by any of the fore- 
going Methods, without our repeating them again here. 

The Center of the Dial is thus found. Having at the 
Center of the wy or D made the Angle QDH of the Com- 
plement of che Height of the Pole, take upon the Meridian 
the Part OE, equal to the line DH, and the point E will 
be the Center of the Dial, from which you muſt draw 
— — thro the Points mark d upon the Equi- 

1a - 

To find the Foot of the Style and determine its Length, 
deſcribe about the Line OE, the Semi-circle EFO, and apply 
upon its Circumference the Radius of the Equator OF, equal 
to the Line OD. „draw the 4xis EF, and draw from 
the Point F to the Meridian CD, the Perpendicular FG, . 


Length of the Style, and give its 


Foot at the Point S. 
/ = 


ſe 
' 
: 
1 
N 


Plate 6. 
Fig. 25. 


Plate 7. 
Fig. 27. 
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DEMONSTRATION. 


If you draw the Line AD or BD, you will eaſily know 
that in the Iſoſceles Triangle ACD, the Angle ACD bein 
of zo Degrees, (viz. half of the Whole Angle ACE, which is 
of Co Degrees, becauſe of the Equilateral Triangle ABC, ) the 
Angle ADC is of 75 s; ſuch as it muſt be, when the 
Point A is the Point of 5 a Clock, as we have ſuppos'd it ; 
whence the Point D may be taken for the Dividing Center of 
the Equinoctial AB, in reſpe& of which FG is the Length of 
the Style, becauſe the Line OD is equal to rhe Hyporenuſe 
OF, and the Angle EFG. or GOF is equal to the Comple- 
ment of the Elevation of the Pole, becauſe it is equal ro the 
Aigle ODH, by reaſon of the Equality of the Two Rectan- 
gular Triangles DOH, OFE whoſe Sides OD OF are equal 
to one another, and alſo the Hypotenuſe DH, OE, &c. 


PROBLEM IV. 


How to draw an Horizontal Dial, beginning at the 
Points of 5 and 7 aClock, mark'd upon the Ver- 
tical Line. 


1 is certain, that the Firſt Vertical is parallel to ſuch an Ho- 
rizon of the Oblique Sphere, as has irs Pole rais'd above ir, 
the Complement of the Heighr of the Pole above the Hori- 
zon of the Place where you are: And that That Circle be- 
ing perpendicular to a Horizontal-plain, and to the Meridian, 
muſt be repreſented upon ſuch a Plain by a Right- line, which 
we will call, Vertical Line, which, by Lem. 1, 2. Chap. 1. will 

aſs — the Foot of the Style, and be perpendicular to the 

eridian. 

Having then determin'd the Vertical AB of what Length 
you pleaſe, and having taken, as before, its End A for the 
Five a Clock Poinr, and the other End B for the Seven a 
Clock Point, divide that Vertical AB into Two equal Parts 
at C, which will be the Foot of the Style, and South-point, 
thro which you muſt draw the Meridian DE perpendicular 
to the Vertical AB. | 

Ar A the Five a Clock Point make, with the Vertical AB, 
the Angle CAE of the Degrees of the Complement of the 


Horary Arch of Five a Clock, for the Complement of the . 


Elevation of the Pole above the Horizon of the Place where 
you are, ſuch as it is found in the Table of the Horary 
Arches. As for Paris, whoſe Latitude is of about 49 Degrees, 
you will fiad in the Table of the Horary Arches, (over againſt 


41 


RY. 
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41 Degrees, the Complement of 49) that the Horary Arch plate ». 
of Five a Clock is 67 Degrees and 47 Minutes, whoſe Com- 22 


ment is 22 Degrees and 13 Minutes for the Angle CAE. 

Having then at A, the Five a Clock Point, made the An- 
gle CAE of 22 Degrees and 13 Minutes, you will have at E 
upon the Meridian DE the Dividing Center of the Vertical 
AB, which you muſt divide into Hours, by means of the Table 
of Horary Arches, (as the firſt Vertical is divided by the 
Horary Circles, which is, as we have ſaid, a Horizon, above 
which the Pole is rais'd by the Complement of the Latitude 
of the Place where you are) vix making for Paris at that 
Dividing Center E, Angles with the Meridian agreeable to 
the Horary Arches, which are found in the Table over 
againſt Latitude 41, as of 9 Degrees, and 58 Minutes for t 
and Eleven a Clock, of 20 Degrees and 45 Minutes for 2 
and Ten a Clock, &c. 

Since the Point C is the Foot of the Style, the Line CE 
will repreſent its Length. which being ſer off upon the Ver- 
tical-line AB, from C ro F, which will be the Dividing Center 
of the Meridian DE, you need only make at the Point E, the 
Angle CFD of the Complement of the Elevation of the Pole, 
to have at D the Center of the Dial, from which you muſt 
draw thro* the Horary-points of the Vertical AB, the Hour- 
lines, and the Dial will be deſcrib'd ; whoſe Center D may 
alſo be found, by making at the Point E the Angle CEG of 
the Complement of the Height of the Pole, making the Line 
CD equal to the Line CG. 


SCHOLIUM. 


If inſtead of determining upon the Vertical AB, the Points 
A and B, of Five and Seven a Clock, you had derermin'd the 
Points HI of Three and Nine a Clock, ſetting off the Diſtance 
CH, or CI, upon the Meridian at CK; you muſt conſider the 
Line AB as an Equinoctial-line, whoſe Dividing Center is 
K, by means of which it may be divided into Hours, accord- 
ing to all the Methods that have been taught; in Probl. 1. 
after which you will find D the Center of the Dial, as before. 


| PROBLEM V. 
How to deſcribe an Horizontal Dial without aCenter. 


but ſmall, the Center of the Dial will be very diſtant 
from the Foot of the Style, ſo that it will be difficult co mark 
it upon the Plain, unleſs you take a very ſhort Style, when 

; "= 


HEN the Height of the Pole above the Horizon is Fig. 28. 
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ou wou'd do it without help of the Computed Tables. In 
—ax 4 ach a caſe the Dial may be drawn withour a Center, thus : 
8. 23. Having drawn thro” A, the Foot of the Style, the Meridian 
AK, and having drawn to it thro* the Foot of the ſaid Style 
A, the Perpendicular AC, 2 to the Length of the Style 
AB, draw at the Point C the Angle ACD of the Elevation of 
the Pole; and draw thro the Point D the Equinoctial EF per- 
pendicular to the Meridian AK. Ser off CD the Radins of 
the Equator upon the Meridian from C to G, which will be 
the Dividing Center of the EquinoQtial EF, which you muſt 
divide into Hours by ſome of the Methods of Prebl. 1. 
The Hour-lines might be drawn by making at the Hour- 
points mark'd agen the Equinoctial EF, Angles equal to the 
Complements of the Horary Arches, according to the Eleva- 
tion of the Pole above the Horizon of the Place, ſuch ag 
may be found in the Table of the Horary Arches, which we 
have given in Lem. 11. Chap. 1. But as you may want ſuch a 
Table, a ſecond Equinoctial may be made uſe of, thus: 
To CD the Radius of the Equator, draw the Perpendicular } 
CH, of what Length you pleaſe, which will repreſent part 
of the Axis of the Dial, and draw to it thro' the point H, the 
Perpendicular HI, which will be a ſecond Radius of the E- 
quator, and will give upon the Meridian AK the Point I, thro* 
which you muſt draw to the ſaid Meridian the Perpendicu- 
lar LM, which will be a ſecond Equinoctial, whoſe Dividin 
Center will be found upon the Meridian, by making 
equal to IH. | 
Laſtly, divide this ſecond Equinotial LM into Hours, by 
the Precepts of Prebl. x. and join Two Points of the ſame 
— Hour in each of the Two Equinectials EF, LM, by Right- 
„ lines, which will be the Hour-lines, and the Dial will be de- 
| ſcrib'd ; to which, inſtead of the Style AB, you may fix 1 
pendicularly a Piece like the Fi CDIH, on the Part HI, 
of the Meridian AK, and ſuch a Piece will ſerve for an Axis. 


PROBLEM VL | 
How todraw an HorizontalDial in the Right Sphere. 


| N Horizontal Dial deſcrib'd upon a Plain, parallel to the 
| Horizon of the Right Sphere, is call'd a Polar Dial; 
becauſe its Plain paſſes thro' the Two Poles of the World, 
for which reaſon ir has no Center, nor Six a Clock Line, 
becauſe in the Right Sphere the Sun Riſes and Sets at all 
times at Six of the Clock: And conſequently the Hour-lines 
are parallel ro one another, and to the Meridian, and there- 


fore perpendicular to the EquinoQial, which muſt go ow 


— 
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Foot of the Style, by Lem. r. becauſe the 


Equator is perpen- 
diculat to all the Horizons of the Right Sphere. 


Having drawn thro' the Foot of the Style A, the Meridi | 
BE, and having thro the ſaid Foot Adrawn CD Rt — 2 


to it for your Equinoctial- line, ſet off the Length of the Style 


AB upon the Meridian BE, from A to E, which will be che 
Dividing Center of the EquinoQtial CD, which muſt be di- 
vided into Hours by the Precepts of Probl. 1. and draw thro 
the Horary-points mark'd upon the EquinoQtial CD, the Hour. 
lines parallel ro the Meridian BE, or perpendicular to the 
Equinoctial CD, and the Dial will be deſcrib'd, in which the 
Style AB may be fix d to what Point you will of the Meri- 
dian BE, when it is only to ſhew the Hours: And if vou 
wou'd have an Axis, raiſe perpendicularly upon the Meridian 
BE, a little Plain, like the Figure FG, whoſe Height muſt be 
equal to the Length of the Style AB. 


PROBLEM VII. 


Nou to draw an Horizontal Dial in the Parallel 
| Sphere. 
N Horizontal Dial, deſcrib'd upon a Plain parallel tothe 


Horizon of the Parallel Sphere, is call d an Equino#ial plate 7. 
Fig. 29. 


Dial, becauſe ſuch a Plain — to the Equator, where 
the Foot of the Style repreſents the Upper Pole, which is 
n the Zenith, for which Reaſon the Style AB has no deter- 
minate Length, in reſpeQ to the Hours, becauſe it repreſents 
the Axis of the World when it is perpendicular to the Plain: 
And as the Day is of 24 Hours, for half a Year, becauſe du- 
ring that whole Time it does not Set in that Horizon, which 
repreſenting the Equator, is divided by the Horary Circles 
into 24 equal Parts; it follows, that if from A the Foot of 
the Style, a Circle be drawn at pleaſure, to repreſent the E- 
quator, or One of its Parallels, and that Circle be divided 
into 24 equal Parts, beginning from the Meridian AC, and 
that from A, the Foot of the Style, as many Right-lines be 
drawn thro” the Points of the Diviſion; thoſe Lines will be 
the Hour-lines, and the Dial will be finiſh'd. 


PROBLEM VIIL 


How to draw an Horizontal Dial by Refled7:on. 


O draw a Dial upon an Horizontal Plain, as, for 

N Example, on a Cieling, which will ſhew the Hours 
y the Reflection of the Sun's Light, you muſt make uſe of 
an Horizontal Dial drawn according to the n 
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thod, upon a Plain truly Horizontal, fer Example, upon a 
Window, or any other Plain which may be enlighten'd t by 
the Rays of the Sun ; but this Dial muſt have a contrary $1. 
tuation to that which it ought to have when you wou'd ſhew 
the Hours, ſo that its Center, inſtead of being rurn'd towards 
the South, muſt be curn'd towards the North. | 

This Horizontal Dial being thus fix'd with its Style, a 
Thread muſt be apply d to what Point you will of each Hour. 
line, and extended till going thro” the end of the Style, it 
meets the Cieling in a Point which will be the Repreſenta. 
tion of that Hour-point: And if the Thread be thus applied , 
to any other Point of every Hour-line, you will upon the 
Cieling have another Point of that Hour-line from which 
the Thread is ſtretch'd, and ſo finding as many different 
Points as you pleaſe, you will finiſh the Dial. | 

In ſuch a Dial you will know the Hours I Reflection 
of the Sun's Rays, by fixing at the end of the Style of the 
Horizontal Dial a little flat piece of Looking-Glaſs, whoſe 
Situation muſt be exactly Horizontal; but this will be done 
betror if inſtead of a flat piece of Looking-Glaſs, you make 
ye of Water, which of it ſelf will get into a Horizontal 

icuation, which is moſt eaſy and certain, becauſe if the 
Looking-Glaſs be ever ſo little Inclin'd, the Reflection will 
| be twice as much chang'd; that is, if the Looking-Glaſs 
varies from its true Situation One Degree, for Example, the 
Reflection will vary by Two Degrees, which will cauſe a 
conſiderable Error. | 

Beſides when the Sky is not very Clear, or there are Clouds 
about the Sun, which cauſes the Looking-Glaſs ro be but 
little enlighten'd by the Rays of the Sun, the Reflection can- 
not eaſily be diſtinguiſh'd upon the Cieling : Whereas the 
Water, which is almoſt always in Motion, (tho' ſcarce per- 
ceivable) by reaſon of the Agitation of the Air, gives a ſen- 
ſible Motion to the Light reflected on the Cieling, which 
makes that Point of Reflection more diſcernable, and therefore 
the Hour is more plainly ſhewn: fg 


SCHOLIUM. 


If from the Center of the Locking-Glaſs, which repreſents 
the end of the Style of the Dial deſcrib'd upon the Cieling, a 2 
Thread be rais'd perpendicularly till it touches the Cieling 
in a Point, that Point will be the Place of the Style, and the 
Thread will repreſent its Length, by means of which may be 
drawn upon the Cicling a Horizontal Dial, by the foregoing 
Problem:; bur as thoſe kind of Surfaces are commonly roug 
and irregular, it is more proper to make uſe of the foregoing 
Method; which tho' merely Mechanical, has never fail d y 
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It is plain, that after the ſame manner the Hours may be 
ſhewn by Reflection upon the upper Surface of an Horizontal 
Plain, as ABCD, by drawing upon it an Horizontal Dial; 
which muſt, as we have ſaid, be plac'd in a contrary Situa- 
tion, and raiſing from E the Foot of the Style, the Perpen- 
dicular EF equal to the Style, to fix at the Point F a little flac 
piece of Looking-glaſs rais d perpendicularly, from which 
the Rays of the Sun being reflected, will ſhew the Hours upon 
the Surface ABCD, which muſt be cover'd from the Sun, 
that the Reflefted Light may appear, nd ſhew the Hours upon 


the Horizontal Dial when tis ſhaded. 


PROBLEM IX. 
Flow to deſcribe an Horizontal Dial by Refrain ; 


We have ſaid nothing concerning RefleQion ; becauſe 
it is what every Body underſtands: Bur ſince Refra- 
ftion is not ſo well known, before we come to the Practice, 
it will not be improper to explain ſome Terms neceſſary to 
underſtand the Refra kion which happens in all Diaphanous 
Bodies ; that is, ſuch Bodies as can be penetrated by Light. 

Experience teaches us that a Ray of Light, as EF, fallin 
our of any Medium, as Air, upon a Di/aphanous Body, ſuch 
as the Water contain'd in the Veſſel ABCD, that Ray EF, 
which is uſually call'd the Ray of Incidence, inſtead of going 
thro the Water, according to its ficſt Direction along the 
Righr-line EFG, (as it wou'd do if there was no Water) turns 
off along the Right-line FH; and this is call'd Refra#ion, be- 
cauſe the Ray EF is broken, that is, turn'd out of its ſtreĩ ght 
Direction, running obliquely along the Line FG, whichqgere 
comes towards the Perpendicular ; that is, comes nearer ro 
the Line IK, which is perpendicular to the Surface of the 
Water ; becauſe rhe Ray EE paſſes out of a Rare, into a 
Denſer Medium. 
Juſt the contrary wou'd happen, if the Ray EF ſhou'd go 
out of a Denſe, into a Rarer Medium; that is, in ſuch a caſe 
the Ray wou'd turn from the Perpendicular : As if HF was 
a Ray of Light, paſſing from Water into Air, inſtead of con- 
tinuing to run in the Right-line HFL. (as it wou'd do with- 
out the Reſiſtance of the Air) it will be broken and go ob- 
liquely along the Line EF, which runs from the Perpendi- 
cular IFK; whence this ſecond kind of Refraction is call'd 
Refraction from the Perpendicular, as the firſt is call'd Refraction 
towards the Perpendicular. 

Whence it follows, That if the Eye be at E, it can ſce the 
Point H by the Oblique 21 EFH, Which will =—_ the 

out 
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Plate g. 
Fig. 33. 


Plate 7. 
Fig. 39. 
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Plate 7. 
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Point H ro appear higher than it really is. Thus it is no 
wonder that an Obje&, for Example, a piece of Money, which 
can't be ſeen in the Bottom of an empty Veſſel, by reaſon of 
the Height of its ſides, may be ſeen by pourin ater 1nto 
the ſaid Veſſel, becauſe then there will be a Refraction ſuffi- 
cient to raiſe the Obje&t high enough to make it viſible, with- 
out changing the Place of the Eye. 3 

The Line EF being a Ray of Incidence, the Line FH is 
call'd the Ray of R. fraction, and the Angle GEH is call'd the 
Angle of Refraction. The Point F is call'd the Point of Inci- 
dence, and the Line IF which falls perpendicularly upon the 
Surface of the Warer, is call'd the Axis of Incidence, and its 
continuation FG within the Water, is calłd the Axis of Re- 

ration. 

J If you imagine a Plain to run along the Ray of Incidence 
EF, and the Ray of Refraction FH, this Plain is call'd the 
Plain of R.fraction, which is r to the Surface of 
the Water, and conſequently paſſes along the Axis of Incidence, 
and the Axis of Refraction, and contains the Angle of Refraction 
GEH, and likewiſe the Angle KFH, which is call'd the Re- 
fratted Ang le. i | 

The Angle which the Ray of Incidence makes with the 

Surface of Water, is call'd the Angle of Incidence, and that 
which it makes with the Axis of Incidence IF, wiz, EFl, is 
call'd the Angle of Inclination. The Refrafted Angle becomes 
leſs as the Angle of Incidence becomes greater, ſo that it is 
reduc'd to nothing, when the Angle of | — 2 is of 90 
Degrees, in which caſe there is no Refraction. 
Nevertheleſs the Refracted Angle does not increaſe in the 
Gme proportion as the Angle of Incidence decreaſes, bur its 
Sine decreaſes in the ſame proportion as the Sine of the An- 
gle of Incidence decreaſes ; that is, the Sine of the Angles of 
Incidence in the ſame Medium are proportional to the Sines 
of their Refrafted Angles in another Medium more Denſe, or 
more Rare; ſo that the Sine of an Angle of Incidence: is to 
the Sine of the correſpondent Refracted Angle: : as the Sine 
of any Angle of Incidence whatever: is to the Sine of the 
correſpondent Refracted Angle. 

Wherefore having once known, by Experience; the Re- 
fracted Angle of any One Angle of Incidence, it is eaſy ro 
find out by Trigonomerry, the Refrated Angles of all the 
other Angles of Incidence: And according to this Method, 
the following Table has been calculated, whoſe firſt Column 
on the Left Hand contains the Degrees of the Angles of In- 
clination, to which anſwer in the ſecond Column tow 
the Rigt — the Degrees and Minutes of the Angles Re- 

in Water. ; 
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ATable of the Angles Refracted in Water. 


D. DM. 2 DM. D. DM. 
1 0.46 31 125.38 6142.52 
21 1.33 3212421 62] 43.23 
31 2-20 33 | 25- 4 63]43-53 
41 3-7 34 | 25-47 64] 44-21 
5} 3.54 35 [26-39 65] 44.50 
6] 4.40 36 | 27.13 66] 45,17 
7] $37 37 [27-55 67] 45-44 
$8] 6.13 38 | 28.35 68] 46.20 
9| 7-0 39 | 29-19 69] 46.34 
10] 7.46 40 | 30. 0 70] 46.58 
5 111 8.32 41 | 39-42 71] 47-21 
12] 9.18 4231.22 721 47.43 
; 13] 10. 4 43132. 2 731486. 3 
t 14| 10.50 44 | 32:42 74] 48.23 
8 15] 11-36 45 33.22 75 48 43 
G 16] 12.22 46134. 2 76149. 1 
a 17113. 9 47 | 34 42 77149 17 
5 18] 13.55 48] 35.19 781 49-33 
19] 14.40 49135 57 79149.47 
1 20] 15.25 Fo 36-35 80 Fo. © 
C 2116.12 FI 1 37-12 8150.12 
Ff 22 16.57 52] 37-47 82} 50.23 
2 2311242 53 | 38.24 8350 32 
C 24| 18.27 54 | 39- © 84 50.41 
— of 55132935] 85] 50-48 
5 26] 19.56 | 56} 40. 9 186} 50.54] 
0 | 27 | 20.49 57) 49:43 8750-58 
28] 21.25 7 41.17 | 38157. 1 
e- 29 22.10; 59} 41-49. 8958. 3 
Oo 3012245 60 42.21 901 0,0 
ae 1 8 
d. 
o * 
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This Table will ſerve to deſcribe a Dial in the Concavity 
of a Veſſel whoſe Poſition is Horizontal, which muſt not be 
nay that you may ſee in it what a Clock it is, when 
there is Water pour'd in to cover the end of the Style. 
But to deſcribe ſuch a Dial, you muſt make uſe of Two 
other Tables, ſuch as the Two following, of which the Se- 
cond ſhews the Sun's Vertical, from the Meridian at every 
Hour of the Day, at the Beginning of each Sine, for the La- 
titude of 49 Degrees : And the Firſt Table ſhews the diſtance 
of the Sun from the Zenith, or the Complement of the 
Height of the Sun above the Horizon, at every Hour of the 
Day, every 10 Degrees of every Sign, for the ſaid Latitude 
of 49 Degrees. 


47. 
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AT able of the Diſtance of the Sun from the Zenith, 
every Hour of the Day, for the Latitude of 49 


35.8 25.3o|28. X 2 | 
20010 25-518 8.27/34-5943 ETD 53. 472-48 


7259 7 81. TE 


To =, 31.11 — 2 $355-2 
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Plate 8. 
Fig. 31. 
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A Table of the Perticals of the Sun, counting from 
the Meridian, at every Henr of the Day, for the 
Latitnde of 49 Degrees. | 


Iv. 
D. M[D. MD. M. 


ro5. F6[116.28{127.26 
27.58 50.3 3167-3487. 451103.55|114.5 


OY - 
23 3043 2 7476.2 97.3 
19 33 37-25,52.5866. 57178. 34] _ 

16.42 32.25 46-3 59,2817 1.15 ] IRIS 


— — —-— — 
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2 I 42.23 $4.2] _ 1 
vw 14 19 28, 1404 . | 
H. | IL III. III. IV. V. VI. 6 VII. IVII. 


By means of theſe Two Tables, and of the foregoing, the 
prague Sun-Dial may be thus deſcrib'd. Draw thro' the 
oor of the Style A, the Meridian AB, and draw to it thro' 
the ſame Point A, the Perpendicular AC equal the Style AF, 
which I ſuppoſe rais'd at Right Angles in the middle of the 
Bottom of the Veſſel. Then mark the Points of the begin. 
nings of the Signs of the Zodiack upon that Meridian AB, 
thus : | 
To mark upon it, for Example, the beginning of wy look 
in the fonend] of the Three foregoing Tables, for the Di- 
ſtance of the Sun from the Zenith at Noon, when ir is in vp, 
and as that Diſtance is of 72 Degrees and 30 Minutes, for 
the Latitude of 49 Degrees, ſuppoſing that you wou'd mark 
our Dial for Paris, (whoſe Latitude being about ſo many 
grees) at the Point C there ſhou'd be made an Angle of 
72 Degrees and 30 Minutes, but as that Angle is refracted in 
the Water, and chang'd into an Angle of 47 Degrees and 53 
Minutes, that is, of about 48 Degrees, (as may. be ſeen in 
the Table of Refractions) the Angle at C (viz. ABC) muſt 
made of 48 Degrees, to have upon the Meridian AB, the 
Point B of y. After the ſame manner muſt be mark d all 
the Points of the Beginnings of the other Signs upon the 
ſaid Meridian AB. | "= = 
0 ut 
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. Burt as the other Hour · lines, are not Right - lines, becauſe Plate 6 
the Horary Circles which they repreſent are not perpendi- Fig. 31. 
cular to the Plain of the Diah which cauſes them to be 
bended and refracted in the Water, ſeveral Points of em 
muſt be found, and likewiſe ſeveral Points of the beginning 
of each Sign of the Zodiack, thus : 

To (for Example) the Point of the Beginning of 
V, and of the One a Clock-line, look in the Table of 
the Sun's Verticals, for the Diſtance of the Sun from the 
Meridian at One a Clock. when it is at the Beginning of ; 
and as that Diſtance will be of 14 Degrees and 19 Minutes, 
at the Foot of the Style A, you muſt with the Meridian AB 
make the Angle BAD of 14 Degrees and 19 Minutes, with 
the line AD, which will repreſent the Sun's Vertical for the 
Time propos d, upon which muſt be mark d the Point of the 
firſt Hour, and that of vy, thus: | 

Draw thro' the Foot of the Style A, the line AE 1 | 
cular to the Vertical AD, and equal to the Style AF, and the 
Point E will be the Dividing Center of that Vertical AD: 
And becauſe the Table of the Diſtances of the Sun from the 
Zenith, ſhews, that the Sun, when in the beginning of W. is 
at One a Clock 73 Degrees and 45 Minutes diſtant from the 
Zenith, an Angle ought to be made at E of 73 Degrees and 
45 Minutes, bur as that Angle, by reaſon of the Refraction, 
is chang'd into an Angle of 48 Degrees and 18 Minutes, at 
the Point E you muſt make the Angle AED of 48 Degrees 
and 18 Minutes, to have at D the the Point of vp and of the 
firſt Hour. | 

After the ſame manner muſt be mark d the Points of the 
other Signs and of the other Hours ; then all the Points of 
the ſame Sign muſt -be joyn'd by a Curve, which will re- 
preſent the Parallel of that Sign; and likewiſe all the Points 
of the ſame Hour muſt be joyn'd by a Curve, which will re- 
preſent the Hour-line and the Dial will be finiſh'd, which 
will ſhew not only the Hours, but the Sign in which the 
Sun is, by turning the Foot of the Style A towards the South, 
and pouring in Water enough to cover the Whole Style. 


PROBLEM X. 
How to deſcribe an Horizontal Aſtrolabe. 


N Horizontal Mrolabe is the Repreſentation of the Sphere 
A's the Plain of the Horizon, according to the Laws 
of — Projection of the Sphere: It has only 
the Meridian and the other Vertical Circles reprefented by 
Right-lines, at leaſt in the \ hen Sphere, becauſe they are 


4 peF- 
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perpendicular to the Plain of Projection. Therefore theſe 
Circles will be very eaſy to deſcribe. 
But without taking notice of all the Circles of the Sphere, 
we ſhall only teach here the way of repreſenting upon the 
Plain of the Horizon the Horary Circles, and the Parallels of 
the Signs for the Oblique Sphere, becauſe they ſuffice for 
what is requir'd,. viz. to know the Hours by means of this 
Horizontal Aſtrolabe, whoſe Deſcription is as follows. 
Plate $8. Having drawn the Two Perpendiculars AB, =Y, {the 
Fig. 32. Firſt of which AB muſt be the Meridian, and the other 
F the Vertical, or Repreſentation of the Firſt Vertical,) 
from the Point C their common Section which repreſents the 
Zenith, deſcribe a Circle of what bigneſs you will, co re- 
reſent the Horizon, which will be divided into Four equal 

Parts by the Two perpendicular Diamerers AB, V. 

Take upon that Horizon on One fide the Arch AD, of 
the Elevation of the Pole; and on the other the Arch BE, 
of the Complement of the Height of the Pole, and draw 
from the Point V thro' the Two Points D, E, the Two Ra- 
aii TD, VE, which will upon the Meridian AB give One 
of the Poles of the World ar F, and a Point of the Equator 
at G, thro' which and the Two Points =, V, which repre- 

ſent the Eaſt and Weſt Equinodctial Points, muſt be drawn 
the Arch V, which will be the Repreſentation of the 
Equator. - 

For the Parallels of the Signs, draw the Line CE, and 
having taken the Arch EH of the Declination of the Par- 
allel. that you wou'd deſcribe, draw thro' the Point H, HI 
parallel ro CE, and thro' the Point I, the Line M, & per- 
pendicular to the Meridian AB. Draw again from the ſaid 

oint H to the Point Y the Line YH, which upon the 
Meridian AB will give the Point O, thro' which and the 
Two Points M, X, you muſt draw the Circle NOX, which 
wt be the Repreſentation of the Parallel requir d. And 


© on. 

For the Repreſentation of the Horary Circles, rake upon 
the Horizon on either Side, from the Points A and B, Arches 
equal to the Horary Arches which you find in the Table of 
Horary Arches, page 23. over againſt the Latitude of the 
Place where you are, and draw thro' the Pole F, and the 
Two Points of the ſame Hour Horary Circles, which will be 
| the Repreſentation of ſuch Circles between the Tropicks as 
| you have occaſion to mark, and the Dial will be finiſh'd ; in 
3 which you will know the Hour, in Sun- ſnine, thewn in ſuch 
W | Places as the Shadow of a Style perpendicularly erected at 
TH the Center C, will cut the Sun's Parallel, when the Point A 

is turn d directly South. ä scho. 
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If an Horizontal Dial be deſcrib'd above the Center C upon 
the ſame Meridian AB, whoſe Center is (for Example) L.; 
the Style rais'd at Right-angles at the Center C, and the 
Axis at the Center L rais'd up to an Angle equal to the 
Height of the Pole, will, b ir Shadow when the Sun. 
ſhines, ſhew the Hour, when the Center L is turn'd di- 
realy South, which will be in that Poſition when thoſe 
Two —_— ſhew the ſame Hour, which will be the Hour 
requir 

the Horizontal Aſtrolabe be defcribd in a Square, 
whoſe Two Sides are parallel to the Meridian AB, it will 
ſhew the. Hours without any Style, if inſtead of the Style 

ou apply to the Center C a Magnetick-Needle, pois'd upon a 

raſs or Steel-Point upon which it may turn * or if 
you turn the Plain of the Dial till One of the Two Sides, 
which are parallel to the Meridian, faces the Sun exactly 
(which it will do when it ceaſes to be enlighten d) ſo that 
the Point A may be rowards the Sun, the Needle will be 
inſtead of the Sun's Vertical, and ſhew the Hour upon the 
Sun's Parallel. This may alſq be done upon another Dial 
whoſe Conſtruction follows in 


PROBLEM XI. 
How to deſcribe an Azimuth Dial. 


E call this an Azimuth Dial, becauſe it is drawn upon 
an Horizontal Plain, by means of the Azimuths or 
Verticals of the Sun, which you find calculated for every 
Hour of the Day, and for the 1 of Each Sign in the 
Table of the Sun's Verticals, which is as we have faid for 
the Latitude of 49 Degrees, which is pretty near the Lati- 
rude of Paris. | 
Having thro' the Foot of the Style C, drawn the Meridian Pe 12. 
AB, of what length you will, and having from the ſaid Foot Fs: 38. 
of the Style C deſcrib d. thro the End B an Arch, which 
you muſt take for the Tropick of S, mark upon that Tro- 
pick the Sun's Verticals for each Hour of the Day, taking 
from B the Point of the Ren, on either 22 hes 4 
as many Degrees as you wil over againſt S under eac 
Hour in the Table of the Sun's Verticals, which you will 
have in Page 70. 
Make CD about equal to the Third Part of BC, and de- 
ſcribe from C for your Center, thro' the Point D another 


Arch 


Plate 12. which you muſt mark the Hour-Points, y means of the 
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Arch, which "you muſt take for the Tropick of W, upon 


Fig. 38. Sun's Verticals, as was done before upon the Tropick of S, 


3 p Lang drawn thro' the Foot of the Style A, whoſe 


which goes thro the Point B. a 

Then defcribe upon BD, the Semi-circle BGD, which = 
muſt divide into Six equal Parts at the Points E, F, G, H, I. 
throꝰ which you muſt from the ſaid Center C deſcribe Arches 
which will repreſent the beginnings of the other Signs of 
the Zodiack, upon which you muſt after the ſame manner 
mark the Hour-Points by means of the Table of the Sun's 
Verricals. 5 
+ Laſtly, joyn all the Points of the ſame Hour by Curves 
drawn ſmooth without any Angles, which Curves will be 
the Hour-lines, and the Dial will be finiſh'd; in which you 
will know the Hours as in the foregoing, viz. by means of 
2 Style rais'd at Right Angles at the Point C, which muſt be 
turn d to the South, or by means of the Style KL rais'd per- 
pendicularly on the Meridian, or on the Line CK, which 
ſhews the Declination of the Needle; for if you turn the 
Plain of the Dial till the Shadow of the Style KL covers 1 
of the Line CK, the Magnetick Needle will ſhew the Hour 
vpon the Sign in which the Sun is at that time. 


PROBLEM XII. 


How to deſcribe an Horizontal Dial by means of the 
Sun's Altitudes. 


Length AB muſt be but ſmall, the Right-line S wp, 
Part of which as A S muſt be taken for the Tropick of S, 
and the other Avy for the Tropick of , deſcribe from the 
faid Foor of the Style A, the Semi-circle CGD, and divide 
it into Six equal Parts at the Points E, F, G, H, I, chro- which 
you muſt draw from the Center A as many Right- lines, 
which will re | yr the Parallels of the other Signs, * 
which you muſt niark the Hour - points, by means of the Ta- 
ble of the Diſtance of the Sun from the Zenith, or of the 
Complements of the Sun's Altitudes, thus. 

To mark, for Example, the South Point upon the Line AL, 
which repreſents the beginning of = and of , which muſt 
be conſider'd as the Sun's Vertical, draw to that Line AL, 
thro the Foot of the Style A, the Perpendicular AK equal to 
the Style AB, and at the Point K make the Angle AKL of 69 
Degrees and 12 Minutes, for the Diſtance of the Sun from 
the Zenith at Noon, ſuch as you find it in the Table of the 
: Diſtances 
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Diſtances of the Sun from the Zenith over-againſt the Signs 


&, W. 

After the ſame mannner will the Points of the ſame Hour 
be mark'd ypon all the other Signs, which you muſt join by 
Curves which will repreſent the Hour-lines, and the Dial will 
be finiſh'd ; where you will know what of the Clock it is 
when the Sun Shines, by turning the Foot of the Style A to- 
wards the Sun, in ſuch manner that the Shadow of the Style 
ſhall fall upon the Sign in which the Sun is, and the End of 


the Shadow will ſhew the Hour requir'd. 
PROBLEM XIII. 


How to turn a Sun-Dial, drawn for any par ticular 
Latitude, into an Univerſal Dial. 


you wou'd have an Horizontal Dial deſcrib d for a par- 
ticular Latitude, as for Example, for the Latirude of 
Paris, which is of about 49 Degrees, to ſerve for any other 
Latitude of more or fewer Degrees, the Plain of the Hori- 
zontal Dial muſt be ſo contriv'd, as to be rais'd above the 
Horizon of the Place where you are(towards the North if the 
Latirude%of the Place where you are, is leſs than that of Paris, 
or rowards the South if the Latitude of the Place where you 
are be greater than that of Paris.) by the Difference of the 
Latitude of the Two Places; For thus the Plain of the 
Dial will be parallel to the Horizon of Paris, and conſeqently 
may ſhew the Hours of the Place where it ſtands. 

After this manner the Equinoctial, and Polar Dials are 
made Univerſal : Bur there is another eaſy way of making an 
Horizontal Dial, drawn for any particular Latitude, to be- 
come Univerſal withour inclining irs plain, or having any 
Hour-lines drawn upon that Plain, if the Hour-points be 
bur mark'd upon the Equinoctial Line, thus: | 

Having, by Probl. 1. divided the Equinoctial AB into e & 
Hours, and having ended the reſt as has been taught in Prob. 3. Fg 25. 
you muſt at the Point O (where the Equinoctial and Meri- 
dian interſe&(ere& aſmall perpendicular Plain Similar to the 
Reftangular Triangle OFE, and moveable about the Point 
O, in ſuch manner that the fide OF, ſhall make with the 
Meridian OE which muſt be flir in that Place, an Angle 
equal to the Complement of the Height of the Pole above 
the Horizon of the Place where you are, which may be eaſily 
done; for thus the Axis EF will always be parallel to the 
Axis of the World, and by its Shadow ſhew the Hours upon 
the EquinoQtial AB, when it is turn'd directly towards the 
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| ' PROBLEM XIV. 
| How ts deſcribe an Univerſal Horizontal- Dial. 


Bate 13. Aving thro” the Center of the Dial C, drawn the Two 
Fig. 4. L 1 Perpendiculars AB, CD, (the Firſt of which AB 
being taken for the Line of Six a Cl the Second CD will 
be the Meridian) ſer off upon that Meridian taken at Pleaſure, 
from D, towards XII, as many equal parts as you pleaſe, 
for Example, Six; deſcribe from the Center Cthro' the Points 
of Diviſion, Arches which will repreſent the Circles of La- 
titude, which you may draw at every 5 Degrees, becauſe 
you may by the Eye judge of any Number between. | 
IF you ſuppoſe the leaſt Circle which goes thro' the Point 
D, to be the Circle of Latitude for to Degrees, the Laſt and 
Greateſt which paſſes thro the Point XII will repreſent the 

Circle of Latitude of 30 Degrees, upon which, as alſo 

all the others, you muſt on either fide take from the Meri- 

dian CD, the Horary Arches according to the Latitude of 
each, as they may be found in the Table of the Horary 

Arches, page 23. 

Thus you will have a Point of the ſame Hour upon each 
Circle of Latitude, which you muſt Za neatly by Curves, 
which will be the Hour-lines, and the Dial will be finiſh d; 
in which che Hours will be ſhewn where the Shadow of the 
Axis, (which at the Center C muſt be rais d fo as to make an 
Angle equal to the Height of che Pole above the Horizon of 
the Place where you are) cuts the Circle of Latitude of the 
_ 1 * hs the Center C is directly oppoſite to the 
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PROBLEM xv. 
How to deſcribe an Univerſal Refilincal Horizontal 


Aving thro” the Center of the Dial A, drawn the Two Place g. 
Perpendiculars AF, DE, (the firſt of which AF being Fig. 34. 
taken for the Meridian, the ſecond DE will be the Six a 


Clock Line) draw thro' the Point go, taken at pleaſure upon 
the Meridian, the Indefinite Perpendicular BC, and deſcribe 
from the Center A thro” the faid Point go, a Semi- Circle, 
which will upon the Six a Clock Line give the Two Points 

D,E, thro' which you muſt draw to the Point go the Two 
Lines Doo, Ego. 

Divide the Semi- Circle DoE into Parts of 10 or 15 De» 
rom beginning from the Point 90, or from One of the 

wo E, D, and draw from the Center A thro' the Points of 
Diviſion, Right-lines which will cut the Line BC in Points, 
thro which you muſt deſcribe from the ſaid Center A, Arches 
which will cut the Meridian at the Points 75, 60, 45, 30, 
thro which you muſt draw to the Two Points DE, as many 
Right-lines, which will repreſent the Circles of Latitude for 
every 15th Degree. 

Laſtly, draw from the Center A, thro' each 15th Degree of 
the foregoing Semi-Circle DgoE, Right- lines which will cut 
the Lines Dgo, Ego, in Points thro which you muſt draw 
the Hour-lines parallel to the Meridian AF? and the Dial will 


be finiſh'd, which will ſhew the Hours after the ſame man- 
ner as the foregoing. 


DEMONSTRATION. 


The Demonſtration of this Conſtruttion is evident, 67 Plate 2. 
Lems S. Chap. 1. where we have demonſtrated that the Angle Fig. 7, 
HAC is equal to the Angle CDE, which is equal to the 
N as will be known if you look u pon the Point 
A as the Pole, or Center of an Equinoctial Dial; the Angle 
AGE, or its equal ABC, as the Elevation of the Pole, the 
Line AH as the Meridian, the Line AE as an Horary Circle, 
and the Line CE as the Horizontal- line, whoſe Dividing Cen- 


ter is D, &c. 
SCHOLIUM. 


This kind of Sun-Dial is call'd Univerſal, becauſe it ſerves 
univerſally for all the Places of the Earth, whole Latitudes 


are 


— 
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are repreſented in is by Right-lines. The Hour-lines 

are parallel to one another; but it may be ſo contriv'd that 
the Lines of Latitude ſhall alſo be parallel, if you look upon 
em as ſo many different Equinoctials, thus: 

Having, as before, drawn thro' the Center of the Dial A, 
the Two Perpendiculars AF, GH, (the Firſt of which (wviz.) 
AH being taken for the Meridian, the Second GH will re. 
preſent the Six a Clock-line)draw thro” the Point 90 taken at 
— upon the Meridian AF, to the Six a Clock- line, the 

arallel BC of ſuch a Length that each of the Lines goB, 
goC, may be double the Line Ago, and draw thro' the Two 
_ B, C, the Right-lines BD, CE, parallel to the Meridian 


Take upon the Meridian AF, the Line goF equal to the 
Line goC, or goB, that is, twice the Line Ago, and from 
its middle Point 30 deſcribe thro the Points F, 90, a i 
circle, which you muſt divide into parts of 10 or 15 Degrees, 
and ſer off the Chords of the Arches of 15 Degrees, of 30, 
of 45, Cc. upon the Line BC on either fide from the Point 
90, at Points, thro which you muſt draw Parallels to the 
Meridian AF, which will repreſent Circles of Latitude in 
reſpe& ro the Hour-lines, which muſt be drawn parallel to 
the Six a Clock-line, thro” the Diviſions of the Line BD, or 
CE, whoſe Dividing Center is A. | 

Deſcribe from the Center A, thro' the Point go, the Qua- 
drant 9o,3o, which you muſt likewiſe divide into parts of 10 
or of 15 Degrees to draw from the ſaid Center A, thro” the 
Points of Diviſion, Right-lines as far as the Circle of Lati- 
rude of 30 Degrees, which is the ſame as the Nine a Clock- 
line, and ſer off the Length of thoſe Lines or Secants down- 
wards upon the Meridian, from the Center A to the Points 
75, 60, 45, 30, 15, thro* which you muſt draw Lines parallel 
ro GH the Six a Clock-line, which will repreſent other 
Circles of Latitude in refpe& ro other Hour-lines, which 
muſt be drawn parallel to the Meridian AF, thro' the Di- 
viſions of the Line BC, whoſe Dividing Center is A, and 
the Dial will be finiſh'd; in which you may know what a 
Clock ir is when the Sun Shines, after the ſame manner, as 
in the Two foregoing. 
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HIS Dial is call'd Zlliptical, becanſe it is made ac- 
. cording to the Principles of the Orthographical Pro- 
jection of the Sphere, where the Circles which are not per- 
pendicular to the Plain of the Projection, are repreſented by 
Ellipſes. Its Conſtruction will be eaſy for any one who has 
rightly underſtood what we have Taught in Problem 2. Fig. 
23. Wherefore we ſhall give it here in a few Words. 

Having drawn thro” A the Center of the Dial, the Two Plate g. 
Perpendiculars AD, BC, (the firſt of which AD being, as be- Fig. 35. 
fore, taken for the Meridian, the Second BC will repreſent 
the Six a Clock-line) deſcribe from the ſaid Center A, 
on the Line BC the Semi-Circle BIC, and divide it into 12 
equal Parts, beginning from the Six a Clock-line, or from 
the Meridian, to draw throꝰ the oppoſite Points of Diviſion 
which are equally diſtant from the Six a Clock-line BC, 
freight Lines parallel to one another, and ro the Line BC, 
which will repreſent rhe Hour-lines. 

Mark upon thoſe Parallels (which are conſider'd as Cir- 
cles of Latitude for every 10, or every 15 Degrees) the Hour- Tz 
Points by the means of ſeveral Axes drawn from A the Cen- 
ter of the Dial, as has been Taught in Probl. 2. Fig. 23. Join 
all thoſe Horary Points which belong to the ſame Latitude 
by a Curve, which will be the Circumference of an Ellipſis, 
and repreſent the Circle of that Latitude, and the Parallel 
Lines will (as we have already ſaid) repreſent the Hour-lines, 
upon which you may, when the Sun ſhines, know what a 
Clock it is, by the ſame means as in the foregoing Dial. 


1 PROBLEM XVII. 
= How /o draw an Univerſal Hyperbolical Horizontal 
Dj 


ial. 


W E call an Hyperbelical Dial an Univerſal Dial, in which 
= all the Hour-lines are Hyperbola's, and che Lines of 
Latitude Right-lines. The following Method co deſcribe it 
is very eaſy. | 
Having, as before, drawn thro A the Center of the Dial Plate It. 
the Two Perpendiculars AE, HO, (the Firſt of which — Fig. 37. 
5 will. 


, * 
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_ will be the Meridian) deſcribe at pleaſure from that Center 
= —— A the Semi-Circle FBG, which you muſt divide into 12 e. 
qual Parts, beginning from B the South Point. or from one 
of the Points E, G, and draw from the ſame Center A, thro' 
the Points of Diviſion Indefinite Lines, berween which as A. 
ſymptotes, you will deſcribe thro' the Point B, taken at plea. 
ſure upon the Meridian AE, as many Hyperbola's to repre- 

ſent the Hour-lines.. 
If to the Meridian AE you draw thro the Point B the 
Perpendicular CD, it will be divided by the foregoing Aſym 
totes at every 15 Degrees into Points, thro*' which, from t 


Center A, Arches muſt be drawn, which will upon the Meri. — 
dian AE give other Points, thro which muſt be drawn ag vi 
many Lines Parallel to one another, and to the Line CD, ly 
which will repreſent the Circles of Latitude for every 15th Pr 
Degree ; upon which you will know the Hour of the Day 


after the ſame manner as in the foregoing Dials. 


SCHOLIUM. | 
As theſe Lines of Latitude repreſent Equinoctial Lines ac- ws 
cording to their Latitudes, one may upon each of . thoſe by 
Lines find the Hour-points by means of their dividing Cen- at 
rers, which muſt be thus found. For Example, to the at 
Dividing Center of the EquinoQtial IK, which repreſents the w 
Circle of Latitude of to Degrees, deſcribe on the Line A 60, of 
the, Semicircle AL 60, which is cut at the Point L by the 


Radius AL of 60 Degrees, and ſet off the Diſtance or Radi- 
us of the Equator 60 L upon the Meridian from the Point be 

60 to the Point 75, which will be the Dividing Center re- 

| _ as it is evident by what has been demonſtrated in 
Probl. 3. a 

You will after the ſame manner find the Dividing Centers F 
of the other Equinodctials, and by their means the Hour- 
points upon thoſe EquinoQtials, by the ſhort Methods which 
have been Taught in Probl. 1. and joining all the points of 
the ſame Hour by Curves, you will have Hour-lines, which 
will be all Hyperbola's, (having for their common Center, 
the Center of the Dial A) of which the Line of 3 and 9 a 
Clock is an Eguilateral Hyperbela, that is an Hyperbola, one 
Diameter of which is equal to its Parameter. Thofe that 
underſtand Algebra, Conick Sections, and Geomerrical Loci, 

will eaſily find the Demonſtration of this. 
plate 13- We have another Method 'or deſcribing an Univerſal Hy- 
big. 41+ Perbolical Horizontal Dial, which we ſhall hete explain in 

4 1 few Words, becauſe irs Demonſtration goes along with it. 

Having thro the Foot of the Style A, drawn the Two 
Perpendiculars AC, DE, (the Firſt of which AC being ay 
or 


0 Ou  QITW ©Oq cy vuvl 


- 


Chap. II. A Treatiſe of Gnomonicks. 81 
— 2 Rm Second DB will be the Horizon of the 

Sphere, 10 
to AB, the Length of the Style, and from the Point F as a 
Dividing Center, divide the Meridian AC into Parts of 5, 
or 10 Degrees, to draw thro' the Points of Diviſion as many 
Perpendiculars to the ſaid Meridian AC, which will repreſent 
the Circles of Latitude for every 1oth Degree, and which 
are as ſo many Equinoctial Lines, which may be thus di- 
vided into Hours. 

For Example, To divide into Hours the Equinoctial GH, 
which repreſents the Circle of Latitude for 60 Degrees, ſer 
off the Hypotenuſe, or Radius of the Equator F6o, from 6 
to the Point C upon the Meridian, which will be the Di- 
viding Center of the Equino&ial GH, which may conſequent- 
ly be divided into Hours, or into Parts of 15 Degrees, by the 
Precepts of Probl. r. | 

The Hours muſt be divided after the ſame manner in the 
ather EquinoQials, and if all the Points of the fame Hour 
be join d by Curves, they will repreſent the Hour-lines, 
which will be Hyperbola's, and the Dial will be finiſh'd; in 
uch you will know the Hours at the Equinoctial Times, 


by means of the End of the Shadow of the Style AB, and 


t another Time by means of an Axis, which muſt be inclin'd 
it , the end of the Style AB, in ſuch manner, that it may 
with the Style AB make an Angle equal to the Complemenc 
of che height of the Pole above the Horizon of the Place 
where you are. In this Dial, as in the foregoing, there are 
o y the 3 and 9g a Clock-lines which are Equilateral Hyper- 


bola's. 
PROBLEM Xvi. 


How to draw ne Parabolical Horizontal 
ial. 


E call a Parebolicsl Dial an Univerſal Dial, where all 

the Hour-lines are Parabola's, and the Lines of Lati- 
tude Righr-lines. It is deſcrib'd almoſt after rhe ſame man- 
ner as the foregoing, as you will ſee. 

Having drawn thro? A, the Center of the Dial, the Two 
Perpendiculars A75, CD, (the Firſt of which A7s5, being 
taken for the Meridian, the Second CD will be the Six a 
Clock-line) deſcribe from the Center A, with what diſtance 
you pleaſe, the Semi-Circle C75D,ond divide it into Parts of 
10 or 15 Degrees, 15 the Meridian, or from the 
Six a Chtock-line, to join the I wo ice Poines, which are 


6— Manoa apa ako > | 


n that Horizon the Line AF, equal lit · 41. 


Plate 13. 


Plate 14. 
Fig. 42. 


Plate 14. dian, by Indefinite Rig 
Fig. 43+ lel to the Six a Clock- line, and 1 perpand 
i 


82 A Treatiſe of Gnomonicks. Chap, H. 
which will be parak 

cular 
to the Meridian, and which will repreſent Circles of 
Lee, upon which you muſt mark the Hour-poinrs, 
thus. ' 

To divide into Hours ( for .) the Line GH of 30 
Degrees of Latitude, draw from the Point 30 upon the Line 
AE, (which makes with the Meridian AF, an Angle of 30 
Degrees) the Perpendicular 30 E, whoſe length being ſer off 
upon the Meridian, from 30 to the Point F; that point F 
will be the dividing Center of the Line GH, confider'd as an 
EquinoRial, which you will divide into Hours by the Pre- 
cepts of Probl, 1. . 

After the ſame manner muſt the Hour-points be mark d 
upon the other Lines of Latitude, and then be joind as be- 
fore by Curves, which will repreſent the Hour-lines and be 
Parabola's, of which the 3 and 9 a Clock-lines have the Rs- 
dins AC, or AD for their Parameter. Thus will the Dial be 
finiſh'd, which will ſhew the Hours by means of an Axis, 
which at the Center A muſt make an Angle Equal to the 
height of che Pole, above the Horizon of the Place where 


you are. | 
PROBLEM XIX. 
How to draw an Horizontal Dial for a par 


ticular 
Latitude, which will ſhew the Fours for every 
Place of the Earth. 


5; H deſcrib'd an Herizental Dial for the Latitude 
if. 43+ of 


the Place where you are; for Example, for Paris, 
draw at pᷣleaſure the Two Lines AB, CD, parallel to one ano» 
ther, and perpendicular to the Meridian EF, and divide their 
Interval EF into 12 equal parts, to draw thro the Points of 
Diviſion other Lines perpendicular to the Meridian, or paral- 
Jet to the Two Firſt AB, CD, which will repreſent Meritians, 
diſtant from one another 15 De or One Hour. 

If you take the Firſt AB for the Meridian of Paris, and the 
next GH for the Meridian Eaſtwasd from that of Paris, and 
15 Degrees, or One Hour diſtant, and the next IK for a Me- 
ridian 30 Degrees, or 2 Hours Eaftward from Paris, und fo 
on; the Poinc E being the South-poine in AB, the Meridian 
of Paris, the Point L in GH, the following Meridian willal- 
ſo be the South Point; tho the Line of 11 a Geck in the 
Morning paſſes thro ir; becaule ſuch as are One Hour Eaſt 
from Paris have their Noog when it is but ty ae Paris: And 
likewiſe the Point M in the Meridian IK will do the Truth 
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75 Point, cho the Line of go in the Morning paſſes chro it; be- Plage 14 
"Il cauſe thoſe which are TWo Hours Eaſt from Parir, have their Fig. 43. 

Noon whett it is hut ro at Paris. Wherefore all the Points 
E, L. M, and the other which belong to the South, are to be 
join d by a Curve, which will reprefent a Meridian fir to 
ſhew when it is 12 a Clock in all placts of the Eatth, of 
MW known jeude + Much after the ſame manner muſt the 
cocker Hout-lines be drawn, which you will eafily under- 
ſtand by a Sight of the Figure. 

The Metidians, or Circles of Longitude are ed 


here but for every 15th Degree ; but as they are not counted 
WY here from the Firſt Meridian, and as in Maps they are drawn 
— at every toth Degree, if you wou'd have them fo, (which 
vin be more convenient for your ſetting down the Names 
of Places. in yout Dial, according to their Longirudes 
— Latitudes, as they are in the general Maps) Work 
us. BTK 
Take upon the Meridian EF, the part EN of 22 
and 30 Minutes, ſuck as is the Longitude of Paris, which 
you will do by — a1 7 Part of the Interval 1* 9 
15 equal parts, whick will repreſent Degrees, a raw 
thro' the Point N to the Meridian EF, the Perpendicular 
PQ , which will repreſent the firſt Meridian. Take alſo - 
the FO, equal to the part EN, and draw thro' the Point 
O ts the ſaid Meridian EF, the Perpendicular RS, which 
will ent a Meridian, 180 Degrees, or 12 Hours diſtant 
from the firſt PQ; becauſe the Space NO is «a the 
hoes EF, by reaſon of the Two equal Arches EN, FO. 
herefore to have Longitude for every ioth Degree, from 
the Fieft Meridian, wipe out all the Lines perpendicular to 
the Meridian, which repreſent the Meridians for every 15th 
Degree, except the T wo lift PQ , RS, and divide their Inter- 
val NO ſato 18 equal Parts, at Poinrsthro* which you muſt 
draw other Lines perpendicular to the Meridian EF, which 
will repreſent the Circles of Longirude for every roth De- 
eres; coonting Efftward from the Firſt Meridian PO. and 
you may, if you will, produce en either way from that Firft 
Meridian, according to the Extent of the Country which you 
wou'd repreſent —_ Plaid of rhe Dial 
To deſeribe the Circles of Latitude, let the Meridian NO 
be your - an divide each of che Two Parts ON, OS, 
which derermine the Breadth of the Dial, into g equal Parts, 
erch of which will repreſbat 10 Degrees, to draw thro' the 
Points of Diviſion Lines pre hb Equator ON, which 
: will repreſent Circles of Latitude for every torh - 
ther ſet down the Number of Degrees at every oth 
} | <ieiihes fie, Goiending' from &' or 0, and taking — 
| IJ, 1 
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N for the South Part, and OR or PN for the North Part, 
becauſe NO has been taken for the Eaſtern Part. 

Thus will the Plain of the Dial be, by the Circles of Lon- 
gitude and Latitude divided into ſeveral little Squares, as a 
Map of the whole Earth is, in which you may write down 
what Places of the World you will, according to their Lon- 

itudes and Latitudes, as they are plac'd in the Map. 
Then you may know the Hour in any propos d Place of the 
Earth, which will be marked in the Dial where the Circles 
of Longitude of that Place will be cut by the Shadow of the 
Axis of the Dial, for the Curve Hour-line, which goes thro” 
that Point of Se&ion, will ſhew the Hour requir'd. 


PROBLEM X. 


How to draw an Horizontal Moon-Dial. ' 


Moon-Dial is ſuch a Dial as ſhews by Night, by the 
Beams of the Moon, what Hour of the Sun it is. The 
Conſtruction of this Dial is founded upon the ſame Principle 
as the foregoing, and all the Difhculry depends upon the 
Moon's 2 Motion, by which it goes from the Sun ſo far 
Eaſtward every Day, as to riſe about 3 Quarters of an Hour 
later each Day, than the Day before; So that when the Moon 
is New, or in Con junction with the Sun, if it cou'd En- 
lighten the Earth, the next Day, or irs ſecond Day, it wou'd 
riſe 3 Quarters of an Hour later, its third Day an Hour and 
a half, and ſo on, till*it comes to be Full Moon, and conſe- 
quently 12 Hours or 180 Degrees diſtant from the Sun, at 
which time it will ſhew the ſame Hours as the Sun; becauſe 
when the Sun ſets that Day, the Moon, which is Diametri- 
cally oppoſite to it, riſes about the ſame time, and ſucceeds 
in its Room. 
So that if you know the Moon's Age, you may eafily know 
by Night what a Clock it is by the Beams of the Moon upon 
an Horizontal Dial, viz. by adding to the Hour which the 
Moon ſhews, as many times 3 Quarters of an Hour as Days 
are paſs'd ſince the New Moon. But as this Addition 1s 
troubleſome, you may draw the Lunary Hours in an Hori- 
zontal Dial, and in jany other Dial, with the Days of the 
Moon's Age, after a Method like the foregoing. 1 
Having deſcrib'd an Horizontal Dial as uſual, draw as be- 
fore, the Two Lines AB,CD, perpendicular ro the Meridian 
EF, and divide their Interval EF into 12 equal Parts, ro draw 
chro? the Points of Diviſion other Lines perpendicular to the 
Meridian, or parallel to the Two Firſt AB, CD, the Ft of 


a” — a — — 


| 4 
” # *z 


„ 


1 Ne 


reren Wee 


WOO 
' 


* . 


Chap. II. 4 Treatiſe of Gnomonicks.. 85 
which AB being taken for the Day of the New Moon, or for 

the Firſt Day of the Moon, 4 the Lunary Hours fall in Plate 14. 
with the Solar, the Laſt CD will repreſent the Day of che b. 43. 
Full Moon, where the Lunary Hours likewiſe fall in with 

the Solar, and the Lines between will repreſent the Days in 

2 the Moon is gone Eaſtward from the Sun juſt One 


If then che Firſb Line AB be taken for the Firſt Day of the 
Moon, where, as we have faid, the Honrs of the Moon agree 
with thofe of the Sun, and the next GH for the Day that 
the Moon has receded the Sun One whble Hour towards 
the Eaſt; and the following IK for the Day in which the 
Moon has receded from the Sun towards the Eaft juſt Two 
Hours, and fo on; the Point E in the Line AB being the 
South Point, the point L in the line GH will alſo be the 
South Point, tho' the Line of 11 Os ng Eres | 
it; becauſe when the Moon is that Day in the Circle of 11 
in the Morning, the Sun which is diſtant from it One Hour 
towards the Weſt is in the Meridian: and the point Min 
the line IK will likewiſe be the South Point, tho rhe Line 
of 10 in the Morning paſſes thro” it ; becauſe when the Moon 
is that __ the Circle of to in the Morning, the Sun 
which is di from it Two Hours towards the Weſt, is in 
the Meridian. Wherefore if you draw thro' the points 
E, L. M. &c a Curve, it will repreſent the Lunary Meridian, 
and the other Lunary Lines will be drawn the ſame way. 

Bur becauſe it is more than 12 Days from the New to the Plate 15. 
Full Moon, vis. about 15 Days, you. muſt wipe our all the Fig. 44. 
Lines which are icular to the Meridian EF, except. 
the Two AB, CD, which repreſent the New, and the Full 
Moon, and their Interyal be divided into 15 equal parts, 
in Points, thro' which other Perpendiculars muſt be drawn 
to the Meridian, which will repreſent the Days of the Moon, 
upon which by Night you may. know what a Clock it is 
when the Moan Shines, by obſerving whete the Shadow of 
the Axis of the Dial cuts the preſent Day of the Moon, far 
the Lunary Line, which * thro* that point of Section. 
will new the Hour requir 
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CHAPTER III. 


Of Etect, or Vertical Dials. 
QUCH » Dudes drawn upon an EceR, or Vertical Plai 


is call'd an Er:& or HVertical Dial. It may be Dire#, or Re- 
gular, when it is drawn upon the Surface of a Vertical Plain 
which towards One of the Four Cardinal Painey 
of the World ; and Declining, or ſrragular, when it is drawn 
upon the Surface of a Declining Plain. An Tres Dial is call'd 
a Souch Dial, when it is drawn upon the Syrface of 4 Vertical 
Plain, which being parallel to the Firſt Vertical, diceftly faces 
the South: And North Dial, when the Surface of the Plain en 
which it is drawn direRly faces tho North. Dr it is eld a 
Meridian Dial, when it is drawn upon the Surface of « Plain 
— le] co the Meridian: and Eaſt Meridian, when the Surface 

full Eaſt ; and , Md, an when it ſtands fol Welt. 
We ſhall in the following Problems, give the Deſeriptien of 


all theſe Dials in their Order. | 
PROBLEM I. 
Flow 10 deſcribe an Erect South Dial. 


Aving tho the Foor of the Style A drawn the Plumb 
Plate «H line BC, which will be ods fot draw ta it tho 
Fig. 45. the ſame Foot of the Style A, the Perpendicular DE, which 
will be the Horizontal-line, where the Hour-lines mult be 
terminated when the Dial has but One Style, becauſe the 
has the Shadow will never go above the Horizontal- 
Set off the Length of the Style the Horizontal DE, 
_ at AF, and ar the Point F, (whigh will be the Dividing 
Center of the Meridian BC) above the Horizontal draw 
the Angle AFB of the Height of the Pole, and below it the 
Angle AFH of the Complement of the Heighe of the Pole, 
| to have upon the Meridian, at B. the Center of the Dial, and 
at H the Point of the Equinoctial IK, which, as in the 
Hotwzontal Dial, is drawn peypendicular to the Meridian BC, 
! and divided after the ſame manner into Hours, viz. by ſet- 
Ii ring off the Radius of the Equator HF, upon the Meridian 
BC, from H to the Point C, which will be the Dividing Cen- 

ter of the EquinoRial IK, . 
8 SCH O- 
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SCHOLIUM. 


= You ſee by this fundamental Conſtruction, that this Dial Plate 15. 
is only an Horizontal Dial drawn for a Latitude equal to the Fig - 45. 
Complement of the Height of the Pole above the Horjzon, as 
at Paris, for the Latitude of 41 Degrees, becauſe the Pole 
there is 49 Degrees high : Likewiſe the Elevation of the Pole 
above the Horizon of the Plain, which is the Prime Vertica], 
1 — the Complement of the Height of the Pole above 
zon of the Place where you are. Wherefore all that 
we have ſaid concerning the Horizontal Dial in the foregoing 
Chapter, may be applied to this, conceiving the Pole to be 
rais d above the Horrizon, the Complement of the Latitude 
of the Place where youare. - Y 
We have plac'd the Center of the Dial B above the Hori- 
zontal DE, becauſe ir ſents the lower Pole, which is 
fac'd by the Plain of the Dial ; for if the Sun was in that Pole, 
which here is the AntarRick Pole, and its Rays cou d - 
crate the Earth, and after chat manner enlighten the Plein, 
the Shadow of the End of the Seyle wou'd fall above the 
Hotizontal-line and come to that Center B. 
Tou may alſo find the Hour-points upon the Horizontal- 
line DE, dividing it, as the Horizon of the Place is divided, 
by the Horary Circles, according to the Table of rhe Ho- 
rary Arches: viz. by ſetting off the Lengrh of the Sryle upon 
the Meridian, from A the Foot of the Style to the Point G. 
which will be the dividing Center of the Horizontal DE, 
and where — = muſt with the Meridian BC 
moke Angles equal to the Horary Arches found in the Table, 
xe 23, over-againſt rhe Height of the Pole above the Ho- 
Som; of what is the ſame thing, by applying at the point 
7 the Cen 


here a4 w r 


ter of ati Horizontal Dial drawn for the Latitude 
the place, in ſuch manner that its Meridian may fall in 
wich the Meridian BC, and then the other Hour- lines being 
| — with a or a Ruler will upon the Horizontal- 
DE give the Horary Points requir'd. * 1 
Upon Walls cheſe fort of Dials are uſually drawn before 
che Style is fix'd, that there being nothing over the Foot of 
it, the Work may be-perform'd more eaſily. But as it is hard 
co fix the Style r Fete fo #$ ir may remain ſtreight with- 
our ſpoiling — 7. ing, I ſhow'd rather chuſe to fix it before 
che was begun, ind inſtead of ſerting it at Right- 
angles have it ar oblique Atigles, when you wou'd have no 
3, (fixing it Into the Wall as well as one can) that its 
Foot may be free, which you will find, by deſcribing at plea- 
ſure from the End of the Style, an Arch upon the Plain r 
| | I 


e 


r r 


w — 
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Plate 15. the Dial, and chuſing where you will upon that Arch the 
Fig. 45. Three moſt diſtant Points that you can, to find by means of 
thoſe Three Points the Center of the Arch, which will be 
the Foot of the Style, whoſe Length is the diſtance from 
that Center ta the End of the Style. hs 3 TIE 
What we have ſaid hitherto ſuppoſes the Sphere to be Ob- 
lique, but if the Sphere is parallel, in ſuch manner. that the 
Pole is go Degrees above the Horizon, the Horizontal-line 
DE will repreſent the Equinoctial, and the Dial will be a 
Polar Dial, whoſe Conſtruction we have taught Probl. 6. 
Chap.2. and if the Sphere be Right: ſo that the Two les 
of the World be in the Horizon, the Foot of the Style A 
will repreſent One of the Two Poles of the World, and the 
Horizontal-line DE the Six a Clock-line, ſo that the Dial 
will be an EquinoQial Dial, whoſe Deſcription we have 
taught Probl. 7. Chaps 2. i | 
We have in the Figure only repreſeated the Hours from 
Six in the Morning to Six at Night, becauſe the Sun ſhines 
no longer upon ſuch a Plain, the other Surface of it towards 
the North, being enlighten d the other Hours of the Day, 
when the Day is more than 12 Hours long, as at Paris in the 
longeſt Days of Summer, from Sun-riſe till Eight in the 
Morning, and from Four in the Afternoon till Sun-ſer. 
Here follows the manner of drawing ſuch a Dial. 


PROBLEM II. 
How to deſcribe an Erect North-Dial. 


N Ere& North-Dial is drawn the ſame way as the South- 
Dial, for it is evident that rhe Dials which are drawn 
n the Two Oppoſite Faces of the ſame Plain are the ſame 
kind of Dials, only with this difference, viz. that the Order 
# of the Points and Lines of the One, is contrary to that of 
1 the other; ſo that what is on the Right in one Superficies, is 
{ on the Left in the other; and what is ar Top in One, is at 
. Bottom in the Other. | 


'D | 
Thus becauſe the Center of the Dial is above the Hori- 
| zontal-line in the Ere& South-Dial, it muſt be below it 
i in this, becauſe this Center repreſents the upper Pole, which 
| the Plain faces, in which if the Sun was, the Shadow of the 
. Style wou'd tend downwards; and likewiſe becauſe the , 
Equinoctial Line is below the Horizontal in the Ere& 
if South-Dial, it muſt be above it in this, which ſhews that 
| this Dial is the ſame as the foregoing turn'd upſide-down, 
j but we muſt come to the Practice. | _ 
a 
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Fern. 

ridian w r i and the 2. 

Horizontal DE, which repreſents the North Part of the Ho- * 4 ö 

* and havings 28 before, ſer off the of the Sryle 

goon. j 13 DE, from the Foot of the Sty le © ta 
make at 2 int F downwards Angle 

55 Er the Heig ole above the Horizon, and up- 

wards the Ang - CH of the _—_— * of the Height of 

the ſaid to have at B the Center of the Dial, and at H 

the Point che E quinoSial IK ; afterwards the reſt will be 

ended as before; but you need anly mark upon it the Hours 

jar which. the Plain can be enlighten'd, viz. for Paris from 4 

in the Morning till 8, ny 4 in * e Afternoon till 8, 

— til Sun-ſer. | l 


PROBLEM m | 
How to deſcribe an Erect Eaſt-Meridian-Dial. 


| Aving drawn thro' the Foot of the le A, the Ho- Fg 47, 
| rizontal-line BC, deſcribe from the Foot of the 
tyle A, above the Horizontal- line BG the Semi- circle BDE. 
o take upon it towards the Right the Arch EG of the Ele-. 
| _ of the Pole, and rowards the Left the Arch BF of 
„ of the Elevation of the Pole, and draw 
aid Foot of the Style A aud che Points G,F, the To. 
ines GI, FH, which will be dicular to que another, of 
hich the Firſt GI will nt the Six a Clock line, « and 
he * FH the Equino&ial, upon which the Hour-points. 
4 be mark thus : S. 
ving upon GI che Six 2 Clock-line, taken the Part Al 
qual to the Style, the point I will be the Dividing Center 
of the Equinoctial FH, wherefore if from that point I =u- 
deſcribe a Circle at pleaſure, and divide it into parts o 
Degrees, drawing Right-lines from the Dividing Center A 
bro, the Points of Diviſion, you will upon che Equinoctial 
H have the Hour- points, thro which you muſt draw the 
Hour-lines parallel co one another, and to the Six a Clock. line, 
becauſe this is a Polar Dial, ſince it is deſcribd upon a Plain 
Parallel to the Meridian. which is an Horizon of the Right 
_ wherefore this Dial has no Ceater, nar Meridian 


SCHOLIUM. 


Infles? of marking the Hour- „ upon the Equino&tal 
H, they might oy been mark 1 the Horizontal BC, 


draw- 


* 


| 
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882 

9 n 

3 Horizontal BC, where you muſt app enter of 

an Horizontal Dial, in ſhck menzne thet in r Gerbe 
may fall in exaRQtly with the Perpendicular AL, for rhus the 

other Hour-lines being produc'd till they meer the Horizon- 

tal- line BC, you will at — Points of Interſettion 


— 2 EE upon the Firſt Ver- 


in with =: part BO; for thus irs Alon liess — pr duc d 
will upon the line DK give the Hour-points requir d. 


"PROBLEM IV. 


Hlow to Sow an Eref? Welt-Meridian Diat. 


1 as before, thro the Foot of the Style A, 
BC, deſcribe from the ſaid Foor of the 
SS A, above the Horizontal BC, the Semi-circle BDE, to 
rake upon it towards che Left che Arch EG of che Height of 
the Pole, and towards the Right the Arch BF of the Com- 
lemenr of the Height of the Pole ; and draw theo the ſame 
oot of the Sty le A, and the points G, F, the Six a Clock- 
line GI, 24 the Eno FH r 
reſt as before. 


$CHOLIUM. 


It is evident, chat in this Diel and in the foregotng, 
the Pole is exactly go Degrees above the Horizon, t = a 
Clock-line will be perpendicular to the Horizontal, which 
in that caſe will repreſent the Equinoctial: And when the 
8 8 nel, en the Six a arg will be 
f ame 28 orizontal, coaſequently che uinoctial 
the ſame as the Vertical. 
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PROBLEM y. 


Fu to deſcribe an OR Wool declining from the 


Aving ehro' the Fnot of the Style A, drawn the 
Horirontal-line BC, by Len. 7. Chap. 1. and the Me- 
rid ian DE being drawn upon the Plain, by Lew. 16. Chap. 1. 
draw thro the Foor of che Style A, the Line AF, equal to 
the length of the Style, and perpendicular to the Horizontal 
BC, and draw the Line of Declination FG, whoſe length be- 
ing ſer off upon the Horizontsl-line BC, from G to C, which 
will be the dividing Center of the Meridian DE; chen 
at that Point C, make upwards the Angle ACD, of the 
Height of the Pole, and downwards the Angle ACE of che 
Com plement of the Height of the Pole, to have upon the Me- 
ridian the Center of the Dial at D, and at E, a Point of the 
1 un 

o draw . — go muſt ſind another Point 
upon the Horizonral-line BC, drawing thro' the Point F, 
which is the Dividing Center of the Horizontal, to the Line 
of Declination FG, the Perpendicular FB, which will upoa 
the Horizontal give the Six a Clock Point B. theo” which alſo 


which may happen 
Having drawn thro' D the 


ve at ¶ the Dividing Center of the 
r, and draw the Axis of the Dial DH, to which you 
Point H, the Perpendicular HI, which 

will be the Radius of the and will upon the Sybſty- 
lar DK, give I the Poine of the Equinoſtial, which will be 
drawn thro that Point I perpendicular to the Subſtylar, as 
BE ; upon which youmuſt mark the Hour · points in the fol- 
Having fer off Hi the Radix: of the Equator upon the Sub- 
ſtylar, from I ro K, which will be the e of the Equa- 
tor; that is, the Dividing Center of the Equinoctial. join the 
Righe-lines KE, or KB, or ealy KE, if yen have not B the 
Six a Clock point, and defcribe ac pleaſure from the Point K 
a Circle, which you muſt divide into Parts of 15 Degrees, 
* of Bs beginning 
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Plate 17. 
Fig. 30. 


Plate 17. beginning from the Line RE 
FE. o-. point K, thro the Points of Diviſion Righe- lines, which be- 
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or KB, to draw from the ſaid 


ing produc'd, will, upon the Equĩnoctial BE, give the Hour- 
— thro' which you muſt from the Center Di draw the 

our-lines, and the Dial will be finifffd. * 

By this Method one can only mark the Hours at which the 
Plain is Shin'd upon at the Equinoctial Times; and to have 
alt the Hours at which it may be | calighten'd t any fime, 
you muſt mark the Hour- points upon the Horrzoarabline 
BC, by applying to its Dividing Center F, the Center of an 
Horizontal Dial, in ſuch manner; that the Meridian may fall 
in with the Line of Declinatjon BG, or its Sia a Clock Line 
with the Line EB; for if wit a Thread or a Ruler you pro- 
duce the other Hour-lines; you wilt upon che Horizontal 
BC, have the Horary Points requit'd. iu 

When you have the Six a Clock Point 
tal-line, as B, you may draw thro that Point B. the Perpendi- 
cular LN. which will repreſent the Prime Vertical and which 
may be alſo divided into Hours, by applying to its Dividing 
Center O, (which is found by making BO equal to BE) rhe 
Center of an Ere& South Dial, in ſuch manner,” that the Six 
2 Clock-line may fall in with the Horizontal BC, for then the 
other Hour-knes being produc'd, will, upon the Vertical 
LN, give the Hour- points requit d. | 

Thus you ſee the Reaſon of the uſual Manner of drawing 
the Honr-lines, which are beyond the Six a Clock-line, whe 
their Points are too far diſtance ö 
bappens here to the Five a Clock-line ; One Point of which, 
as L, is found upon the Vertical LN, by ſetting off the Di- 
ſtance BM, from the Point to the Seven a Clock - line at B 
to have at L the Five a Clock- pont | 
- If in making uſe of the EquinoRtial, one cannot mark upon 
ie all the Hours beyond XII, (which may ao happen to the 

Horizontal, when the Declination of the Plain is re. } 
make uſe of the Hour-lines which are drawn on the other 
fide of the Style, as far as the Six a Clock-line (which in this 
** — is always on the Dial. becauſe its Point B will 
not be very far from the Foot of the Style A) finding by 
their means the Hour-pointsy which you want 

ralle] to the Six a Clock-line. - For 

, (which cuts the Meridian at R,.) the Li 
at Q, the Line of 10 ar P, &. For if yon 
RQ ar RS, 


is as far di 


from 12, as the Lm of 11, and likewiſe i 


you ſer off the diſtance RP ve RT, deu will haye'at T_ the. 


ine of a, which is as far diſtant from 22 ag the Line of 10, 
and ſo on. ya, - ** LESLIE * ee 34 3 


Pon the Horizon- | 


the Horizontal, as it 


u will have at & the One a Clock-poinr, which 
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Becauſe the Fix a * A is 1 
ridian Circle, i Plain which | 
line PT, isp op a Clock Circle, | 


8 be been kene to che Meridian, Ciedle 
the Axis of the World. Thus ous the Dial 
ſach a Plain be a Polar Dial, fo that i 
be parallel co One another and to 
Plain, which wou d go thro' the point E, —— bi | 
mon Section of that Plain ; and of the Meridian which i 
perpendicular to the Plain : i 
the Hour-lines are equall 
Subſtylar, and alſo 
line PT are on either Ge 


point. 
SCHOLIUM. 
Wk ADH,which is che Angle of the Axis, with the 
ws the Height of the Pole above the Plain, and 
IKE, which 249 
between the Subſtylar and the Meridian, (that is, 
den the Meridian of the Plain and the Meridian of the 


— 
— 
- ——— — — — _— 
— _—_— 
. 


ace, 
fore if you know thoſe Angles, . meaſuring them with a 
Protractor, or rather by Spherical Irĩigonometry, as we ſhall 
teach hereafeer,) — — be wr 5 ny at Countries 
of the ak hw the Plain of che Dial Er theie Horizon, 
= have their Horizon parallel to the Plain of the 


Let ABCD be the Meridian, AC the Horizon, BD the r, 2 

the Prime Vertical, which thro! the Zenich R, and f 4* 

| Nadir D. cuts the Horizon at ight-aogles at the point N, 
5 in ſuch manner that the Sp Angle CND, or BNC may 
22 Let the Horizon of che Plain be the Vertical 
ſuch manner that the Spherical Angle MBN may be 

| tion of che Plain, which will be meaſur'd by the 
EE ge Crt 

0 which will conſequently 

lement of. the Declinarion of the Plain. Let 
he r * the Plain be the Circle GIH, which going 
tt Two Poles of the World, cuts the Horizon 
E. the point I, and the Equator 
manner chat the Angle of the 

„or the 3 of che Pole * r 


a —— —— — 
— * 
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Plate 17. 
Fig. 50. 
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Plain may be the Arch CT, and the difference of Longi 


tudes the Arch RK, or Spherical Angle GI. Laſtly, let t 
Six a Clock Circle be GLH, which cuts the Horizon of the 


Plain, at Oblique Angles, at = falls, and the Equator EF 


at Righr-angles, at the point O. 

Firſt ro find the Height of the Pole above the Plain, or 
the Arch IG, you muſt conſider that in the Spherical Triangle 
BIG, Rectangular ar I, the Oblique Angle GBI, or the Com- 
lemenc-of che Declination of the Plain is known, and the 
nuſe BG, or the Com of the Height of the 
Pole above the Horizon W the Side GI may be 


f ound by this Analogy, 
As the Whole dine: 
To the Sine of the Complement of the Height of the Pole: : 
So the Sine of the Complement of the Declination of the Plain: 
To the Sine of the Height of the Pole above the Plain. 


In the ſame Triangle BIG, the Angle BGI: or the difference 
of Longitudes may be found by this Analogy, 
Hs the Whole Sie: 
To the Sine of the Height of the Pole above the Horizon: : 
Se the Tangent of the Complement of the Declin®tion of the 
Plain: 
To the Tangent of the Complement of the difference of Longitud-s. 


If you wou'd find the Arch IB, (which is equal to the 


Eg. 48. Angle which the Subſtylar makes with the Meridian, as may 


be known by defcribing from the Center of the Dial taken for 
the Cenrer of che E a Circle which will repreſent che 
Horizon of the Plain, and whoſe Arch comprehended be- 
tween the Subſtylar and Meridian, (which is the ſame as the 
Arch IB) meaſures the Angle of the Subſtylar with the Me- 
ridian,) you may do it in the ſame ReQangular Triangle 
BIG, by this Analogy, 


As the Whole Sine: 2 
To the Sine of the Declination of the Plain : : 

So the Tangent of the Complement of the Height of the Pole: 
To 2 Tangent of the Angle of the Sub with the Mi- 


which is the ſame Angle as the Equinoctial makes with the 
Horizontal- line: Becauſe im this Dial thefe Two are perpen- 
dicular to one another, ſince they repreſent Circles which are 
perpendicular to one another; and One of thoſe Circleg ts 

_ perpen» 
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ain. 
Laftly, if you wou'd find out what Angle the Six a Clock. . 8. 
line makes with the Meridian, or the Arch BL ; you may do © 
ic by this Analogy, in the Spherical Triangle BGL, Reftan. 
gular at G, | . | 
As the Whole Sine : | 1 
To the Sine of the Declination of the Plain : : 
So the Tangent of the Height of the Pole: 
To the Tangent of the Gomplement of the Angle requir'd. 


You might alſo find out the of the other Hour-lines 
with the Meridian, or with the Subſty lar: As, for Example, if 
you wou d ſind out the Angle of the 10 a Clock-line with the 
Subſtylar, ſuppoſing the to a Clock-circle ro be GPH, in 
which caſe the Horary-diſtance, or the Spherica BGP 
will he of 30 Degrees, which being here taken the 
Angle BGl, which is the difference of irude, you 
will have the Angle IGP, and in the Spberical Triangle FIG 
ReQangular at I. you may know the Side PI, or the 
which the 10 a Clock · line makes with the Subſtylar. 


PROBLEM VI. 


How to draw an EreQ Dial declining from the 
, North. 


Aving drawa thro” the Foot of the Style A, the Hori- plate 18. 
| zoncal BC, draw to it, as befare, thro' the Foot of the Fig. 5. 
Sryle A, the perpendicular AF equal to the Length of the 

Scyle, and having found the Meridian DE, which here re- 
preſents the Mid-aight-line, draw the Line of Declination 

FG, and ſet off the Lengih of it upon the Horizontal BC, 

from G to C, where the Dividing Center of the Meridian 

DE will be, and where conſequently muſt be made below 

the Horizontal BC, the Angle GCD of the Height of the 

Pole, to have at D the Center of the Dial, which in this 
Country repreſents the Arctick Pole; and above the faid 
Horizonral BC muft be made rhe Angle GCE of the Com- 
plement of the Height of the Pole, to have upon the Meri- 

dian DE, the Paint E of the EquinoQial, and the reft muſt be 

fniſh'd as the foregoing Dial; for all we have faid concern- 

ing it will ſerve for this, which is only the {fame Dial upſide- 

40 wn. £— i 
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1 What we have faid concerning theſe Two Laſt Dials, ſup 


F 1 18. -oſes the Sphere to be Oblique; bur if it was Parallel, 

* 'E- 52. Dial wou'd have no Center, and conſequently wou'd be a 
Polar Declining, becanſe the Horizon of the Plain wou 
Horizon of the Ri i 
2 B 
muſt conſequently 
Eguinoct al Dial, or of a Circle divided into Parts of 15 De- 
grees, always applying its Center to the Point F, the Di- 
viding Center of the Horizontal, in ſuch manner, that the 
Meridian may fall in with the Line of Declinarion FG, Cc. 

Fi But if the Sphere be a Right Sphere, the Dial will be an 
C. 53. Equinodial Declining, fo that the Horizontal will be the Six a 
Clock-line, and the Point G of the Meridian will be the Cen- 

ter of the Dial, which is thus deſcrib'sd : "A 
Having to the Line of Declination FG, drawn the 
Perpendicular FB, to have upon the Horizontal GC the 
Point B of the Equinoctial, and having drawn thro” that 
Point B the Perpendicular BE, which will be the EquinoCtial, 
ſer off the Hyporenuſe BF on BC, to have at C the Dividing 
Center of the Equinodtial, which muſt be divided into parts 

of 15 De , as uſual, Gr. 

Tho” this be call'd' an Equine#ial Dial, it does not follow 
that the Horary Angles are all to one another, for they 
have the ſame inequality, in reſpect to the Six a Clocksline, 
GC, as the Horary Angles of a Horizontal Dial, in reſpect 
of the Meridian, for a Latitude equal to the ng oy | 
the Declination of the Plain; as may be knowga, if you 
ſider the Horizontal GC as the Meridian 8 
Dial, whoſe Center is G, and Equinoctial BE, &. 

Therefore the Angles, which the Hour-line Maite wich 
the Meridian at G, the Center of che Dial, muſt be known 
by this Analogy, 3x 


Ai the Whale Sine: | 
To the Sine of the Complement of the Declination of the 
Plain: ; 
So the Tangent of the Horary Diſtance : 
To the Tangent of the Complement of the Angle requir'd. 


From what has been ſaid it is plain, that the Angles which 
the Hour-lines make with the Six a Clock-line, or Horizontal 
GC, are equal to the Horary Arches for a Height of the — 

f 5 4 eg 
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equal to the Complement of the Declination of the Plain ; 


and therefore that = Table of the Horary Arches for every Plate 18. 
Degree of the'Elevition of the Pole (Page 23.) may ſerve to K. 53- 
underſtood. | 


> this * which is no ſooner ſeen but 


5 R O BL E M vn. 
How to cw ws Ere&t Declining Dial without 4 


— Center. 


EN the Declination of che Plain Heat ſo 
chat the Meridian cannot _ be drawn upon the 
Phin, and. conſequently the Center of the Dial cannot be 
on or when the Height of the Pole above the Horizon is 

great, which may likewiſe hinder one from having the 
Canee of the Dial at a convenient Diſtance for drawing the 
Dial; in ſuch a caſe, the Dial may be drawn v ithout a Center, 
by means of T wo Honzontaklines, thus. 


os 


Having mark d the Horary Points upon the Horizontal Plate 19. 
MA, by the application of an Horizontal Dial (its Center Fig. 54. 


being ar the Point B the Dividing Center of the Hori- 
zontal MA, and its Meridian upon the Line of Declina« 
tion BC) draw ar pleafure the Perpendicular GF, cutting 
the Horizontal MA at the point D, and the Line of Deeli- 
nation BC, at the point F, and draw DE equal to BF, to make 
at the point E the Angle DEG, equal to the Height of the 
Pole, by means of the Line EG, - which will upon the Per- 
pendicular GF- give the Point G, which muſt be conſider d 
| Foot of the Style, thro” which, and thro' the 
firſt Foot of the Style muſt be drawn the Sebliyle 

che 


A, 
Dtaw thco" che ſame Point C, to the Horizontal MA, the 
ill be a ſecond Horizonral-line, which 
muſt be div dal iso Furs by taking GH, equal to DF, and 
the Line of 28 BC, thro' the Point H, 
— 2 — Line of Declinatien, 
»pply'd the Meridian of 
— — be at the Point H: 


2 
F 
2 
38. 


hio” the Point G, NT 


Plate 
Fig. 


— Horizontal 
Point, in reſpe& of the Sy 


the 

wil 

Third 

- dn E is the ding Center of 
| 18 K | der 
GF, the Line DE is equal to the 
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Let us ſuppoſe the Line of Declination BC to meet the 
A at the Point C, which wou'd be the South 


Horizonral bur MA, you 


C. che Meridian OC icular to che Horizontal MA. 
and * — * * ay — ad be 
found, by makin equal to —_— 

at M the Angle CMO was made of the Heighr of 
you wou'd upon the ſaid Meridian OC have the 


N 
4 
5 


YL; 


the Dial at the point O, thro' which, and the Foot of 
le A, ſhou'd be drawn the Subſtylar QA. CE 
you ſhou'd draw a — — 1 
the Firſt MA, the point G, where it wou d meet _ 
the Di- 
mine the 
int 
hich muſt 


L 
4 


and 

as the 

3 the 2 Line C 

taken — 
Center of ng Center 

Gu 'G rhe 


O 
! i 
Q 


8 
. 


le AB, and if you had no other 
ou'd draw from that South Point 
| 


which agrees with the foregoing — — have 
to DF ; for ic muſt de Tech, becauſe if t 
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nation ABC is a Right, or of 90 Degrees: in which caſe the Fig. 54 
Dial will have no Meridian, being a Polar South Dial, which 
conſequently may be deſcrib'd by the Precepts of Probl. 3, 

er 4. 5 


PROBLEM vill. 
How to tra « Cylindrick Dial. 


E call Cylindrich Dial a Vertical Dial, which is drawn 
upon the Surface of a Cylinder, by means of the 
Heights of the __ above ho — 23 ou 2 2 
in the followi every 10 es of each Sign 
of Hour of the Day, fer the Latitude 
of Paris, (which we have every where ſuppos'd of 49 De- 
grees, becuaſe it is very near the matter) for which the Dial 
of Fig. 535. has been drawn in this manner. | | 
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A Table of the Height of the Sus above the Horizon, 
? 41 ay one of the Day, calculated for 49 De. 
grees Latitude | 


— —_ 


g E XII. XI. X. IX NIX IVI V. | 
| . D.M 7 D.MJDM .{D.M. 


64.3 1.5615 5. 19] 1 7 27.12 74208. 22 


THY 
o 19 


64. 1.33565. 146.1 36.4426. 5 


19.2063. 2460 31154. 445.285. 59126. 
1 1. 1258.49 2.3 


= [20 49.305.480. 
1 


q Plate 19. | 
Draw upon a Sheet of Paper the Rectangular Parallelogram 
| PE: 55. E12Swp, whoſe Breadth F12, or Sw, muſt be equal to (or 
17 2 ſmall matter leſs than) rhe Circumference of the propos d 
| Cylinder, and the Length Fvy equal to {or ſomething leſs 
1 than) the Height of the ſaid Cylinder. 
15 Having made this Preparation, draw mother Paper the 
. Line BE equal to the Line S12, and draw to > hw 4, > 
Point B, the Indefinite Perpendicular AB, which will be 
terminated at the. Point A by the Line EA, which muſt 2 


Chap. III. I reatiſe of Gnomonicks - tot 
the Line BE make the Angle BEA of 26 D and 30 Plate 19. 
Minutes; that is, of the Complement of the Height of the 


Fig. 55. 
Sun at Noon, when it is in S, chat is, in the Summer Tro- IP 
2 pick, and that Perpendicular AB, thus terminated, will re- 
1 preſent rhe _ of the Style, by means of which, and of 
the i able, the Dial mult be thus drawn : 


Divide the Breadth Sw, which ents the upper hart 
of the Cy linder, into 6 parts, and draw thro' the Points 
of Diviſion Lines parallel to the Length FW, which will re- 
preſent the Beginnings of the Signs of the Zodiack, upon 
which you mark the Hour- poĩnts by meins of the Ta- 
ble of the Suns Height, thus: * 22 | | 

For Example, If you wou'd find the pon of 9 in the 
Morning, or of 3 in the Afternoon, upon the line v1 2, which 
ts the Tropick of M you muſt from the point A 
dtaw the Arch BC, to take upon it the Arch Hof 46 De- 
grees and 36 Minutes, ſuch as the Height of the Sun above 
the Horizon is at 3 in the Afternoon, or 9 in the Morning, 
and having drawn the Right-line AHG, ſer off the Length of 
the Line BC upon the Tropick of S, from the point S, to 
the — 9, Which will be the point requir'd. 

Likewiſe if you wou'd find upon the ſame Tropick &S1 2, 
the 6 a Clock Point, take the Arch BI of 14 Degrees and 32 
Minutes,ſuch as you find in the foregoing Table ro be the Sun's 
—_— at 6 a Clock, when the Sun is in the beginning of S. 
and having drawn the Righr-line AIC, ſer off the Length of 
the Line BK upon the ſaid Tropick of S, from the point S 
to the point 6, which will be the point requir d, and fo on. 

After this manner muſt che Hour- points be mark d upon 
the other Parallels of the Signs, and even upon the Spaces 
between, dividing each Interval into Three equal parts, each 
of which will repreſent 10 Degrees, that you may draw the 

lines more exactly, joining the Points which belong 
to the ſame Hour by Curves, and the Dial will be finiſh'd, 
which you muſt glue neatly to the Surface of the Cylinder, 
ſo that the Line y S may be exactly parallel tu rhe Horizon, 
when che Cylinder is perpendicular to the Horizon, as it 
muſt be when you wou'd know the Hours, by means of rhe 
Rays of the Sun, which muſt be done by fixing the Style to 


ram BY the Point of the Sign in which the Sun is upon the Line S, 
(or and turning the Cylinder (which muſt hang freely, by means 


of a Ring) till the Shadow of the Style covers the Parallel of 
the Sun, and then the End of the ſaid Shadow will ſhew che 
Hour requic d. FE 0 S175 7; 
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Fig. 55- 
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4 SC HO TIITIUN. 
A Dial may alſo be drawn upon the Surface of a Cylinder 
parallel to the Axis of the World, by dividing the Cixcum- 
N D——— —4 
wo Circles, to quaror into 24 equal Parts, 
draw ing thro the Points of Diviſion the — | 
to one anuther, and i to the | es, 
at Dial, and 
from 


means of an Ari mis d at Right-angles in the Center. 

As for the Cyliader, you ma — — 
withour a Style, as. upon the of a Globe, Amit ;\ 
has the ſame Situation as the Ai, of the World; and fuch a 
Dial is call d a Natural Dial. Or if you wou d have a 

may have it as 2 turning ĩt about 

Cylinder directly towards the Sun, in fuck manmer that it 
may caſt no Shadow on its Sides, as upon a Globe Cc. 


* 
\ 


Fhw to dra 
co *-- 
| [Ra are 
| E call a Pocket-Dial Tich a One as you may carry about 

with you, to know the Hours upon it at any time, 

by turning the Style towards the Jun, — — 
Cylindrick Dial, and in the Three following, which we 


ſhall make in the Quarter of a Circle as: ABC, by means of 
the foregoing Table of the Heights of the Sun above the 
Horizon, in the following manner. | | 

— 12 BC, the Quarter of the Circumference of a: 
Circle w Center 1s A, for the Tropick of S, and having 


made the Pert Al equal to about One Third of the RAduuG 


AB, deſcribe from the Center A thro? the Point 4, anothen 
Quarter of a Circle: (which you muſt look upon as the Tro- 
pick of vp) and divide the other part 4B into s equal pares 
in points, thro? which you deſtribe from the ſaid 
Center A, other Quadrants, which will the Pa- 
rallels of the other Signs of the Zodiack, upon which the 
Hour-pnints muſt be mark'd in the following manner. 

To find (for Example) the. Point of 12 the Parallel 
which is common to the beginning of the Two Signs Ht. f 

1 | d : w re 
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Arches of the Signs, thus : 

ſcribe (for Example) the Tropick of S, in which 
the Sun is, its Height at Noon is 64 Degrees and 30 
Minutes, apply on that Degree and the Center A, a very 


muſt 
A, thro” the 5 5ribv Degree and 19 Mi- 
2 Right-hae, which will upon the 
Tropick'of S give the 10 a . point. After the fame 
— | | you — 28 - — 2 he _ — 
arallel, for Example, u t quator, a upon 
the Tedd of vw, and if an Arch be drawa thro' thoſe 
Three Points, it will repreſent the Line of 10, and 2 a Clock. 
The Hours may be alſo repreſented by Right-lines, with- plate 21. 
out any conſiderable Error, 3 firſt the Quadrant BC * Fig. 38. 

| 4 r | 


* 

* 
3; 

* 


Plate 21. the Two Tropicks of S and W; and the Quadrant which we 
Fig. 58. have drawn thro' the middle of the Two R AR, AC. for 


the beginning of II 
Signs, is at Noon 61 Degrees and 12 Minutes above the 
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che Equator, after which you muſt; upon each of thoſe 


Circles find One Point of each Hour, to joyn the To Points 


which belong to the ſame Hour, after this manner. Es 2 
For Example, If you wou'd find the Point of 12 upon the 
Equator, in which Circle the Sun at ta, is 4x Degrees high ; 
draw from the Center A thro the 41ſt Degree of the Qua- 
drant BC a Right-line, which will upon the E give the 
Point of 12; thro' which and thro' the point D of 64 De- 
grees and 30 Minutes of the ſaid Quadrant BC, conſider d 
as the Tropick of S, drawing 2 Right-line 12 D. it will re- 
ſent the Meridian, which will ſerve for the Six Northern 
igns, viz. from the Vernal to the Autumnal Equinox, be- 
cauſe the Sun at Noon is 64 Degrees and 30 Minutes high, 
when it is in the Tropick of : and if chro' the ſame Point 
12 and the point E of the 17th and 3o Minutes of 
the ſame Quadrant, conſider d as the Tropick of vp, you 
draw the Right-line 12 E, it will repreſent the Meridian for 


the Six Southern-Signs, that is, from the Autumnal to the 


Vernal Equinox, becauſe the Sun at Noon is i7 Degrees and 
30 Minutes high; when ir is in the Tropick of , as yo 
may know by the foregoing Table. 

After the ſame manner muſt the other Hour-lines be 
mark d, as well for the Northern as for the Southern Signs, 
from the Twelve a Clock to the Six a Clock-line, which!paſſes 
thro the middle of the Radius AB: And to have the others, 
you may after the ſame manner find One point of em upon 
any one of the Parallels of the other Signs, after we have 
deicrib'd em thus: | 225 

To deſcribe ( for Example) the Parallel which ſerves for 
the beginning of the Two Signs I, &, which ſhall alfo 
ſerve for the beginning of Two other Signs as far diſtant 
from the Equator, or the Two Tropicks; vir. =, F, know- 
ing by help of the ing Table, that the Sun being in 
of Q, which are Two Northern 


rizon, you muſt draw from the Center A thro 61 Degrees 
and 12 Minutes of the Quadrant BC, 2 Right-line, which 
upon 12D, the Meridian of che Northern Signs, will give the 
int F, thro' which you muſt from the Center A draw the 
ourth Part of a Circle, which will repreſent the Paralis 
requir'd, Cc. | "1 > St yr 
C H A P. y 
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N Inclin'd Dial is a Dial drawn upon an Inclin'd Plain, 
and we ſhall call it a South Inclin'd Dial, when it is 
drawn upon the Upper Surface of a Plain which is directly 
inclin'd towards the South: A North Inclin'd Dial, when it 
is dra en upon the Upper Surface of a Plain which is di- 
realy inclin d towards the North, in which caſe that which 
is drawn upon the Under Surface will be a South Inclin'd 
Dial: an Eaſ Inclin'd Dial, when it is drawn upon the U 
Surface of a Plain which inclines directly towards the Eaſt : 
A Weſt Inclin'd Dial when it is drawn upon the Upper Sur- 
face of a Plain, which inclines directly towards the Weſt, 
in which caſe that which is drawn upon the Oppoſite Under 
Surface will be an Ezft Inclin'd Dial: And laffly, an Iuclin a4 
Declining Dial, when it is drawn upon the Upper Surface of 
an Inclin d Plain which declines from the South, or from 


| che North towards the Eaſt, or towards the Weſt. 


PROBLEM I. 
Hou t0 deſcribe an [nclin'd South-Dial. 


Hen determin'd the Foot of the Style AB, at the ; 
point A, and having found the Zenith C, with the Plate 21. 
Vertical of the Plain, or - 4 Meridian PC, and the Hori- *'s* 59- 
zontal EF as has been taught in Chap. 1. at the End B of the 

line AB 1 to the Meridian PC, and equal to the 

Length of the Style, make with the line BC (which we ſhall 

call the line of Inclinstion, becauſe it makes with the line AB, 

the Angle ABC of the Inclination of the Plain) on the fide 
Oppoſite ro that Angle ABC, the Angle CBQ of the Com- 
plement of the Height of the Pole, or of the.. diſtance of 
the Zenith from the Pole, by the Righe-line BQ, which 
b__ 8 meets here the Meridian PC at the Center 
of ial P, which in this Figure happening to be above 
the Horizontal, ſhews that the Upper Surface of the Plain 
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* * 2 


— —— —— 
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' faces the Lower or Depreſs'd Pole, and conſt 
1 4 Inclination of the Plain is = 


Fig. 5 


mains is to find out the Hour-points upon the Horizontal EF, 


9 0 
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equently that the 

Having chu Grand che Fencer of the Dial 5 — 
o | l ine x 

which in this Example repreſents the Depreſs 15 — re- 


or upon the Vertical HI, (which is dra un thro” the Zenith C, 
rpendicular to the Meridiiri PC, or upon the EquinoRial 
N, which is alſo drawn perpendicular to the Meridian PG 

thro' the point L of that Meridian) which are found by 

drawing thro” the point B to the Axis PQ, the Perpendicular 

BL, which will be the Radi of the Equator, whoſe Len 

being ſer off upon the Meridian' ar LO, you will have ar © 

che Center of the Equator, from which you' may divide the 

Equinoctial NM into parts of rg Degrees, or into Hours 

means of an Equinoctial Dial, whofe Center muſt be applied 

at the Dividing Center Oz or according to the mort Me- 
thods which we have taught in the Defcription of the Ho- 
rizontal Dial, Probl. x, Chap 3. pon nts oe — 

the Horizontał 


IF you wou'd find all the Hour-points 
EF, ſer off the Length of the Hypotenuſe DB, from D | 
the Meridian to the point G, which wilf be the Dividing 
Center of the Horizontal, where you muſt apply the Center 
of an Horizontal Dial, Ct. Likewiſe if you wound mark 
the Hour-points upon the Vertical HI, ſet off. the Line of 
Inclination BC, from the Zenith C upon the Meridian at 
the point K, which will be the Dividing Cenrer of the Ver. 
tical, where you muſt apply the Center of 2 Vertical South 


Dial, c. 
SCH OLIUM. 


The Center of the Dial P happen'd here to be above the 
Horizontal-line EF, becanſe rhe Inclination of the Plain is 
greater than the Height of the Pole: For if it ſhou'd bg. 
leſs, that Center won'd be below it and above the Zenith C: 
And if the Inclination ſhow'd be equal to the Height of the 
Pole, this Center won'd be neither above nor w; that 
is, the Dial wou'd have no Center, and thereſore it wou'd be 
a Polar Dial, and the Equino&ial wou d go-thro* che Foot of 
the Style A, beeauſe in that Cafe the ne HQ wou'l be par- 
alte} to the Meridiarr M. 2 

Fr is plain, that when this Dial hes a Center, ie ano 
lock d * a Horrfruntzt Dial, drawn for ſuck an Ele- 
vation of the Pole, as is equat to the difference between thei 
Height of the Pole of the Hprizort of the Place where you 
are, and the Inclination of the Pin; becauſe in this Figure: 
if from the 1 2 Inclination ABC, -you take away the 
Angle LBC, which is equa? to che Latitude'oF the place, 
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there win remain che ALB; which is equal to the 

ADP of the £xi with the Subſtylar, or — * 
of the Pole above the Plain, for which Elevation, you may 

cafily draw the Dial by means of the Table of Horry Arches. 


PROBLEM H. 


| Him to draw a North-Inclin'd-Dial. 


| 5 is daſcrib'd after the ſame manner as Plate 22. 
. South, fo _ — men is 8 4 — Fig. 60. 

going robes F drawi c e CB 

on that ſide” which is oppoſite to the Anel: of —— 

ABC, you muſt draw it towards that Angle as you {ce in 

the Figure) to have the Center of the Dial, F, which will 

rapreſunt the Arctick Poles, and which conſequenrly will be 

below the Horizontal EF, becauſe that Pole is above our 

Hormzon. It here to be below the Foot of the 

Style A, becauſe the Inclination of the Plain is greater chan 

che Complement of the Height of the Pole; chat is; the 


_ 
* 


Auge ABC is greater than the Angle CBQ : For if the 
Idchnarion of the Plain was: leſs than the Com of 
the Height of the Pole above the Horizon, Center 


wou'd be between the Foot of the Style A, and the point D 
of the Horizontal, and it wou'd be exattly at the Foot of 
the Seyle A, if the Inclination of the Plain was equal ro 
the Complement of the Height of che Pole; and in ſuch 
2 Caſe the Dial wou'd be an Equinoctial Dial. | | 


SCHOLIU M: 


Ie is plain, that to find in this Dial the Height of the 
Pole above the Phin, or the Angle of the Axis with the 
Fubſtylar, that is, the Angle APB, you muſt only add the 
— — of the Height of rhe Pole bove the Horizon to 
the Complemene of the Ine lination of the Plain, when that 
Inch nation is greater than the Complement of the Poje above 
the Horizon: And when = $a wart 4 Plain is * 
than cho Complement of the Height above t 
Horizon, you muſt add together the Inclinerion of the 
Plain and the Height of the Pole above the Horizon, te 
have the Height of the Poe above the Plany''by meins of 
c e Nee Horry eg it uf cr c 0 

— Wenn ee e ee 

Iv ehis, and the foregoing Problem, I have akon nm notice 
of the Dial drawn on the jarier Surface of rhe Plain; het 
it iu deſarib'd rhe finie way; only in an inverted order, 


we 


— . 
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we have already aid. The Upper Polar Dial ſhews the Hours 
from 6 in the Morning till 6 at Night, and the Under Polar 
Dial ſhews the other Hours in Summer. The Upper Equi- 
noctial ſhews all che Hours of the Day in this try, 
whilft the Sun is in the Northern Signs, viz from the Ver- 
nal to the Autumnal Equinox, and the Lower ſhews the 
Hours from 6 in the Morning to'6 at Night, from the Au- 
tumnal to the Vernal > . 


bad A. A 4a . == «<< Aa ww ww 3 


Plate 22. Tce Foot of the Seyle AB, at 
Fig. 61. the point A, and having found as before, the Zenith 
C, the Horizontal- line EF, and the Vertical of the Plain LG, 
which in this Plain will Repreſent the Prime Vertical, draw 
thre” the Zenith C the Meridian HI, parallel to the Horizon- 
tal EF, or perpendicular to the Vertical LG, ro which you 
il muſt draw thro the Foot of the Style A, the Perpendicular 
. AB, equal to the Length of the Style, to have at B the Di- 
i | viding Center of that Vertical, upon which, conſequently you 
j muſt mark the Honr-points, by means of an Erett South 
b, Dial, applying irs Center at the poĩnt B, and its Meridian up- 
. on the line of Iaclination BC, or its Six a Clock- line, upon 
— 2D, becauſe the point D is the Six a Clock 
oĩnt. * | 4 
You may alſo find the Hour-points upen the Horizontal 
EF. ſetting off the length of the Line BD upon the Vertical 
LG, from D to L, which will be the Dividing Center of the 
Horizontal EF, where you muſt apply the Center of an Heri- 
⁊ent al Dial, in ſuch manner, that the Six a Clock-line may fall 
in with the Vertical LG, and then the other Hout-lines be- 
ing produc'd, will cut the Horizontal EF at the Hour-points 
requir'd, thro' which you muſt from H, the Center of the 
Dial, draw the Hour-lines, which Center you will find up- 
on the Meridian HI, by ſetting off the Line of Inelination 
BC upon the Vertical at CG, and making at the point & to- 
wards the Left, the Angle CGH of the — of the 
Height of the Pole. 1 2 17 | 
If you wou'd have the Equinoctial- line, draw thro? the 
oor of the Style A, and the Center of the Dial H the Sub- 
lar HM, to which you muſt, rhro* the Six a Cloch point 
D, draw the Perpendicular DI, which will be che Equino- 
Poul Or elſe at the Point G, make the Angle 'GCI, of che 
I 
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ghtiof the Pole above the Horizon, to have upon e. 
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ridian HI the Point I, thro* which, and the Point D, 
——_—— the EquinoQtial DI: Or elſe draw thro' the — 
r 6 

the lar and ha 


, thro' which you muſt draw a P icular to it, which 


will paſs thro' the Point D, and will be the Equi I; up- 
on which you may, if you will, mark the Hours, ſetti 

off the Radius of uaror OK, upon the Subſtylar, from 
O to the Point N, which will be the Center of the Equator 
where you muſt apply rhe Center of an Eguinoctial Dial, in 
ſach manner, that its Meridian may fall in with the Line 
NT, or its Six a Clock-line wich che Line ND, &c, | 
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the 


This Conſtruftion plainly ſhews, That this Dial is 
ſame as an Ere# Declining Dial, drawn for the Com 

of the Height of the Pole above the Horizon of 
where you are, taking the Vertical LG of this Dial 
Horizontal of the red Decliner, and the Angle 
clination ABC of that Dial, for the Angle of the 

of the Fred Decliner, ſo that the Horizontal 
Dial muſt be raken for the Vertical-line of the 
clining Dial. Thus what we have ſaid in +» $.C 
concerning the Ereꝶ Declining Dial, will ſerve for 


PROBLEM w. 
"How to draw 4 Welb-Inclin'd Dial. 


Weft-Ixclin'd Dial is drawn after the ſame manner 3s an 
Eaft-Indlin'd Dial, with this difference only, viz. That 
the Center of the Dial muſt be mark d on the Right : 
Wherefore it wou'd be needleſs ro fay any thing more a 
ic, or to give a particular Figure, which wou d be the ſame 
as the gilt Figure ſeen thro the Paper on the backſide, if it 
be held up to che Light, or by holding it to a Looking-Glaſs, 
where the Reflection of the E2ft-Inclin's Dial will be the Fi- 
gureof the - Arn Dial. | 
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78 PROBLEM V. 

How to Deſeribe an Inclin'd Dial, Declining from 
| — the South, ; * 


F you Wark upon the Upper Surface of an Inclin'd Des» 
Plate 23. * ic; 

/ cliaing Plain, {where you have, as uſual, d 
Ms 29 of Kerl AB, ar the Poi A, and found the Zenz 
C, che Vertical of the Plain and the Horizontal EF, 
whoſe Dividing Center L is found as in Probl. 3.) draw at 
the Dividing Center L., the Angle DLG of the Declination 
of the Plain (on the Right, or on the Left, according as the 
Plain declines towards the Eaſt or towards the Weſt] co have 
upon the Horizontal EF the South Point G, thro' which, and 
thro' the Zenith C, you muſt draw the Meridian CG, upon 

which muſt be mark'd the Center of the Dial, thus: 

Having drawn thro' the Foot of the Style A, the Indefinite 
Line AK ndicular to the Meridian CG, and the Line 
AO, equal to he Lengrh of the Style AB, and pa to 
the ſaid Meridian OG, fer off rhe Hy e 10, upon the 
Perpendicular AK, from I to K, which Point will be Di- 
viding Center of the Meridian CG, from which conſt 
you wuſt drow to the Zenith C the Line KC, to make wi 

- downwards the Angle CKM of the ent of the 
Height of the Pole, to have the Right-line KM, which here 
meets the Meridian below the Zenith at the Point M, which 
will be the Center of the Dial, from which you muſt "draw 
the Hour-lines thro' the Hour-points, which muſt be mark'd 
upon the Horizontal EF, by means of an Horizontal Dial, 
whoſe Center muſt be applied at the Point L, the Dividing 
Center of the Horizontalb-line, in ſuch manner, that ats Mert- 
dian may fall in with the Line of Declination LG. 


L 


You may alſo mark the ints upon the EquinoQtial- 
liae, which muſt be | Ache Vertical Declining Dial, 
which we will again here. Having drawn « M 
the Center of the and the Foot of the Style A, the 


Subſty lar MR, draw to it thro the ame Foot of the Style A, 
the Perpendicular AP, equal to the Length of the Style AB, 
and draw the Axis PM, to draw to it at the Point P, the Per- 
pendicular PN, which will upon the S lar give che Mint 
N, which you muſt draw to it the Þ SH, which 
will be the EquinoQtial-line : Or eſſe at the Point K, d D 
viding Center of the Meridian MG,) make with the Line KC 
the Angle CKQ, of the Height of the Pole above the Hori- 
zon,to have upon the Meridian the Point Q, thro' which, and 
thro* H the Six a Clock-point muſt be drawn * 
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ſetting off the 
'of he Knee N NP, open * Subſty - Fig. 62. 


| SCHOLIUM 
Ze- 
Pole, 
| had 
erz the he i 
the « Howzonen EE, = M wou'd 
1 — the AntarRtick or wer Pole, The Incli- 


Lo 
nation af che Plain may be ſuch, that 
dcrermines the N of the Fog apon the Ale 
be parallel to that Meridian, and then | 
Center, its Plain being parallel to 42 445 of 
ad it will < ty bea Polar Declining, 
2 — will be drawn parallel to the Meridian, chr 


8 4 . 1 EF, or upon the 
e Sep A." 


PROBLEM VI. 
How ts draw as — 


L 4 3, 1 1 F 


His Dial « drawn dit he 
ing, except that the Angle CKM, of 
of the Elevation o of che Pole, [ which in the 
has been made below the Zeuich C] muſt be 
-_ N 5 (ch I 
ſuppoſe we work upon) faces ick Pole, or 
Pole which is above the Horizon. This is fo what 
has been ſaid in Probl. 2. 1 ſay any 
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means of its Di- Plate 23. 
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Fig. 64- which is as ſoon Underſtood as Seen, 


Plate 24. | 
Fig. 66+ 


ial be drawn, by applying to the End 
Seyle, 2 Circle of Pall. 


CE be drawn a South. Zaſt and a Seurb-Weſt Dial, making at the 


Arm AB WY 
The Crofs may be cut into an Oftogon, as 


here 228 


1 
a. 


w 
each concave Semi-circle, whoſe Center may ſerve as 
of a Style, has been divided into 12 equal Parrs, 
whole Circle, which is in the middle of the Croſs, i 
equal Parts, to be an Equine#ial Dial; the one an 
and the other a Lower Equine&isl Dial. You may alſo 
upon each of rhe oppoſite — Faces A. B, a Polar South 
Dial, One an Upper, and the ot : 
the other Two C, D, a South Dial, which is alſo Polar; the 
2 n 1 7 1 
is ogon may alſo e as Fig. 65. repreſents, 
where you may alſo add the Hours upon the Sides, 3s_ upon 
the Side AB, making at the Point C, which will be inſtead 
of the End of a Style, Angles of 15 Degrees, beginning by 
the Line CA, which muſt be parallel to the Meridian of the 
yo Dial, or to the Line DE, which joins the Centery 
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che oppoſire Semi- circles Nr 
PROBLEM vill... 

Hew 10 draw an Univerſe] EquinoQial Dial. 

Canon « Square, as ABCD, wich 2 — 


the middle) is uſually added an Equine#isl Dial, deſcrib'd 
upon 
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all the Lines of the One may anſwer to all the Lines of 

Meridian muſt at & (the middle Point of 
i in with that of the Horizonte! Dial. 

We have aiſo'Taughe in another Place, how to moke of 

Horizontal Dial become Univerſal ; and here we will ſhew, 

chat the EquinoRtial Dial mey be made vided into ies ga Dy s: 


177 on Elevation of the — may alſo be fe 


found wing on the « Side AB or its equal EF, the Nen. 
— Bee. a . 


F from A 


This Scale will ſerve to raiſe or let down the Plain of the 
EquinoQial ADEF, by faſtening at the Point I, which is the 

iddle of AF, a Needle of Bra $, or any other Metal except 
Iron; for if it was made of eicher Iron or Steel, it wou d 
draw the Magnetick Needle, which wou'd hinder the Cen- 
ter of the Horizontal Dial from being turn d exactly towards 
— — op py Equ — — 
— irectly oppoſite to is Needle or Wire 

muſt be equal to Al, half of AF, and moveable about the 


SCHOLIUM. 


Tothe EquinoQial Dial may alſo be referr'd a kind of Uni 
erſal Dial, which is call'd an Univerſal Ring- Dial, becauſe ir 
is made of Two Circles or Rings of Braſs, ar and ſmooth. 
the Leaſt of which that repreſents the Equaror, as ABCD, is 
livided into 24 equal Parts, for the 24 Hours of the Natural 
Day, and turns within the other, which repreſencs the Mo- 
FEidian, as AECF, upon Two little Points or Axels neatly 
d at A and B, 1 Points of 12 a Clock, which are Diame- 
| trically oppoſite; berw een which are the Two Points E, E, 
alſo Diamerrically which repreſent the Poles of the 
World, thro' which the Axis of rhe World EF paſſes, along 
which there is a flat _— of Braſs, contaiiſing Parts 
the Zodiack of 5 or 10 proc, (according — 


mW 


—— — another equal to Plate 14, 
he foregoing, as ADEF, join'd with Hin to the F; 
Fir ABCD, as Cover to it. E Tek fal Di "—_ 
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Plate 25. tion of thoſe Poĩnes of the Zodinchy-whick is meafur'd wpon 
Fig. 68. 2 Circle, whoſe Diameter is equal tothe mner Dianteter of 

© orie of the Two faid Ciretes) which 8 | 


4 | dle of the Axis, for a —— to | {lide. up un 
4 down ir, which Piece hat « little Hole in the Middle of it, 
4 which muſt be ſer at the Degree of the din in w hie tha Sua 
5 is _ * — oh - Quadrant AE 
4 ma mn into Degrees, may 

the Inſtrument from rhe De of the of — 
where you are, and then the of the Suri which goes thro' 


F the little Hole of rhe ſliding Piece, which is ſet at the Sun's 
Is place in the Zodrack, BD will ſhew upon the middle af the 
thickneſs of the Equator, the Haur requir'd, when that Eque- 

II ror ryperpendicular to the Plain of «e Meridian. As chis 
Dial is very common, I ſhall ſay no more about it. 


PROBLEM IX 
How to draw an Univerſal Polar Dial. 


Plate 24, T HE Two Polar Dials which we have deſcrib'd upon 
Fig. 67 a Croſs in Probl, 7, may eaſily be made Univerſal if 
vou intline He Croſs by means of a Thread and Plummer 
ing from the Center of a graduated Circle, according to 
the Latitude of the Place where you are, ſo as to give it 2 
Poſition parallel to the Equator : Bur a Polar, Univegſal 
Dial may more conveniently be drawn upon Two Leaves of 
Paſt-board, or Ivory, or any other folid Matrer m_ join d 
tugether, fo as they may open at Night PR 

giin ix pleaſure. | nn Bll 
- In one of theſe Two Plains is drawn a Polar South-Dial, 
and in the other a Sourh-Dial, which has on each ſide 
N Scale of Latitude, or Degrees of the Height of the Pole, ha- 
| ving its Center in the middle Point of the Line of 3 and 9 
Cock, where you ſeethe Two ChataRtets V, from whence 
2 Thread muſt hang with irs Plummet upon the Degree of 
the Pole, to give the Dial its due Elevation when you wou'd 

know the Hour. | | | 

Each of thoſe Nals , beſides the Equi noctial which 
| goes chro? che Middle, to have the Arches of the other & 
g whoſe deſcription will be taught in the following N 
| The Arches will diret you how to turn the Dial to the 
Right Point of the Compaſs, when you. wou'd uſe it, by 
turning ic { when the Thread cuts the te of the Hei 
of che Pole) 'till the End of the Style, which may ſerve for 
doch Dizls when. they are at Right-Angles to one another, 
caſts its Shadow upon the Degree of che Sign in which the 
Sun z2. ; When 
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Ain 
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When cheſs T we Dials ard whole 
half A the Poker Sens Dual, {which is 
Tian amd be Ie d dy cher Raa. 


iddle Poine 

the End'bf Seyle for n. PD 
'S 

irs Shades v/ Sod! ö by 


The Gmanvenicace.ofckis Dial is,. char muſt caſt 
your the pen Teng —— One Tio 2 — 


Degree 
of Lacicude ef che Place where you. are, andthe Degree of 
nnn | 
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4% Di ription of". the  Atches 'of the Signs, 
17 225 Circles of if the Sphere, Ae 
- to: ot undi 

. liens lee which Sri the 
Sans Rays, you may for Ornament add on the 

Ardfics of | Paralidl>:bf the Signs,. ro know the Sun's 
Place in the Zodiackz the Diurnat and Nocturnal A 
to know! the Leayrh of Days and aud the Hour 
the Sun's riſing and ſetting. the Itallan and Babylonifh 
Hours, the Time from the riſing and ſetting of the Sun, and 


, 


FL i 19. F 


even the Few ſb and Azbique Hours, to know the Hours after 
the manner of the Ancient, who us'd to divide the Day into 


i2:GhnabPares And the Ar, to know the Sun's 
Diftaqce' from the Eaſt, and che Armcancerr, toknow at oil 
fog IT 


a 17 „r „ * 19 10 1 14 


nate PROBLEM As 5c 


N 


E 


N17 ANY ee » 0 


draw the WL... Pol 
you mu fine fever te Signs gon Me Di, 


_ 


jon them by Curves, 'which will repreſent clrofe Parallels, 
villa, v 


the" End of the Shadow of the Style 
9 


Tor 


Signs, you muſt ſet off the Lenght of tyle Al upon 
uinoctial. from the Foot of the Style A ro the Point 
w — will be the Dein > wr 2 that * 
* conſequentiy you muſt app Center Q 
angle of Signs, in fach manner, thut the Equator 
fall upon the Equinoctial line, and then the Ra 
ther Signs will cur the lar at the Points requir'd, 
Diſtances from the Equino&iaf muſt be ſet off on either fide 
_ = ſaid -Subſtylar, to have upon it the Points- ot tho 
other Signs. 

Then to have the Points of the ſame Signs upon the other 
Hour-lines, For Example, upon the Line FG, which curs the 
Fquinottial at the Point D, take upon the Subſtylar the Line 
AC equal to che Length of the Style Al, to have at C the 
Dividing Center of rhe Equinotctial, and ſer off the H 
nuſe CD, from D upon the ſaid Equinoctial to E, which will 
be the Dividing Center of the Hour. line FG, where yon muſt 
therefore draw the Angles of the Declination of the Parallel 
which you wou'd deſcribe, viz. The-Angies DEF, DEG, of 
23 Degrees and 30 Minutes each, fur each. Tropick, which 
will be done, by applying as before, at the Point E, the n. 
der Q of the Triangle of the Signs, r. biin tnc — ta] 

; 9 | | ii or e 2 ft nls rw 4 
| SCHOLIUM, * n 
| 2 * ne 
This way of working is good when you deſcribe:a D 
22 2 great Plain, as when you draw a Seurh-Ditsl-apen © 
all, (where nothing is to be drawn above the Hbrezonral. 
line) which will ſhew the Hour of the Sun's Rifing and Set- 
ting in each Sign, when the Signs are drawn: Bur when you 
work upon a little Plain, as when you deſign a Dial upon Pa- 
per, inſtead of carrying or ſetting off the Triangle of Signs 


- 


NSS 7877 


Chap. V. 
the ſaid E 
divided into Poi 
muſt fer off, rat 
each ſide from its 


Paralle} upon 


down the 
ſuch « . ; 


— 2 


4 ee 


Northern or ern. to-mark i 
But the Arches of the Signs may be very 
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the Perpendicular which wall be p,... 

the, Radi of 2 which you .f 
m from R. upon the 


Year, you may repceſent ita 
von may upon 2 Dial ſet 


eee ee os Day of 


Ayo rey of ſuch a Town, always 
che Declipation of the Sun for that Day is 
y in the Dial. 

eaſily and exaQly 


drawn upon a Piler South. Dial, and in imitation of ic upon 2 
Meridian Dial, taking the Six a Clock-line for che Meridian,by 
means of the following Table, which ſhews the Diſtances. of 


the Parallels of the Signs 
lines, on either fide 


Style, ſuppos d to be 


$ns upon the Hour-lines and half Hour- 
om the FquinoRtial, in Parts of the 
3 Parts. 


A Table of the Diſtances of the Archet of the Si 


lines of 4 Polar Dial, the . 
inte One Thouſand -» gy r 


agen [4 he Houre 
= _ divided 
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368.37 11381-398|425-464|520 604736. g61 
S [435-439|450.470 = 592-5486 615-795 870.1136] 1678.3333j Ww 
XI. IXI. “ "X * "| I + A 


235.236 868.375 497. 532] 786, 1359 m | 


1423-2819] © = 


E ii? a 


This Table has been Calculated for the Meridian Lin by 
this Analogy : 


4 the whole Sine : 
' To the Tang 
$8 the Length of 


tb pn he ar 


Tv the Diftance of the fame Para. we 
And for the geher Houelines, by this, 2 


Ae 


che Whole Sine": 


To the Reffangle under the Secint 7 1 N 22 
Fg node od nn. * 
0 


© $6 the Length 
"Tv the Diſtance 


+ 
ws | The 


Plate 25, The Arches of the Signs may be drawn upon 


Fig. 69 


ſtylar AC, from A to O, to deſcribe thro that Point O, 


Fig. 70. 


upon the Meridian AC the Point of that Horizon, thro' which 


dian the Point Q, thro' which Point you muſt draw to it the 
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s, Ir T 


very eaſily, without having che Hour- line 
Signs, in the following manner. 
Having thro' the Foot 


each equal to the Complement of the 
allel which on? wou d repreſent; ſet off the Lengrh of 
pon 5 

g Center of the Subſtylar AC, and draw | i 
K. to the Subſtylar AC the Parallel KL, whoſe Length, which 
is rerminated by the Line AN, muſt be fer off upon rhe 


the Center A, between the Aſymptotes AM, AN,an Hyperbola, 
which will be the Repreſentation of the Paraſſel requir'd.. 
If in a Polar South Dial, feveral Horizontal-lines be drawn 
for ſeveral Laticudes, or Elevations of the Poke, (making »t 
K, the Dividing Center of the Meridian AC, Angles withthe 
Equinoctial, equal to the Complement of the Height of the 
Pole above the Horizon which you wou'd repreſent, to have 


you muſt draw the Horizonral-line parallel to the 
noQial ) you muſt upon thoſe Horizontal-lines know the 
Hours of the Riſing and Setting of the Sun, on the Horizons 
which they repreſent, at the beginning of each Sign. 

Thus to know at Paris, (where . the Complement of the 
Height of the Pole is of about 41 De ) at what time the 
Sun riſes and ſets the longeſt Day of Summer; that is, when 
the Sun is in rhe beginning of S, you mult at K,the Dividing 
Center of the Meridian, make the Angle AKP of 41 Degrees, 
and thro the Point P. where the Line KP cuts the Meridian, 
you muſt draw the Horizahta-liae RS, parallel to the Hori- 
zontal, ot perpendicular to the Meridian: And becauſe, thro 
the Point R. where that Horizontal cuts the Tropick of S, 
rhe Line of 4 in the Afternoon does paſs, that ſhews, that 
when the Sun is in the Tropick of S, it riſes on the Hori- 
zon of Paris at'4, and conſequently ſets at 8 in the ſame 
Horizon; where you ſee alſo, that when it is in the begin- 
ning of & and I, it riſes about 5, and fers about 7. 

Likewiſe to know at what time the Sun riſes and ſets at 
the beginning of S, on the Horizon of Alexandria in Egypr, 
where the Complement of che Latitude is of about 59 De- 
grees, you muſt at the Point K make the Angle AKQ, of 
59 Degrees, with the Line KQ, which gives the Meri- 


Perpendicular TU, which will reprefeat the Horizon of 
Alexan1ria, and ſhew that when che Sun is in the beginning 
of Sr it riſes on that Horizon about 5, and ſo on. 
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a contrary Operation you may find our in what Lati „ . - 
being at a given Point of the Zodiack, riſes at r „% 
| . As, for Example, if you wou'd know in what Ow 
| Country the Sun riſes at 4 when it is in the beginniag of 

| Cancer, you muſt draw thro' the point R, where the 4 a 
Clock-line cuts the Tropick of S, the line RP parallel to 

the Equinoctial, or perpendicular to the Meridian, which 

will upon that Meridian give the point P,. thro' which and 

its Dividing Center K, muſt be drawn the line KP, and the 

Angle APK will ew the Latitude requir'd. | 
When the Dial is a Meridian Dial eicher Eaſt or Weſt, you Fig. 71. 
muſt take care to mark the Northern Signs below the Equi- 
noctial, and the Southern Signs above ir, between the Equi- 

noctial and the Horizontal, where the Hyperbola's, which re- 
preſent the Parallels of the Signs, ares terminated, and thew 

alſo the Hour of the Riſing and Setting of the Sun at the be- 
ginning of each Sign, on the Horizon of the Place for which 

the Dial has been made: as you ſee in Ng. i. which is a Weſt- 
Meridian Dial, with the Signs of the Zodiack for the Lati- 


rude of Paris. 
PRORLEM II. 


Flow to draw the Arches of the Signs in an Equi- 
noctial Dial. 


12 of the Signs are repreſented in an Equi- 
noctial Dial, by Circles which have their common gk 

Center in the Center of the Dial, from which you muſt cake and 74. 

upon the Meridian, or upon any other Hour-line, the Com- 

ement of the Declination of che Parallel which you wou'd 

tbe, to have a Point upon that Hour-line, chro which 

ou muſt from the Foot of the Style or Center of the Dial, 
ircles which will repreſent the Parallels requir'd. 
elſe you muſt ſer off the Length of the Style or Ari: 

be but ſhore, in the Triangle of the Signs upon 

perpendicular to che HI, from H to P, 
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rely towards the North, by the Degrees of the Comple- 
ment of the Height of the Pole, that it may be parallel ro 
the Equator, you muſt draw in that Hemiſphere the Northern 
Signs upon the Upper Surface of the Plain, and the Southern 
upon the Lower. 


— 1 


SCHOLIUM. 


You may have the Style AB fo long, that the Parallel of 
Plate 28. the Laſt Sign cannot be deſcrib'd within che compaſs of the 
. 75- Plain; but to hinder this and have a Style of a fit Length 

for your Breadth, mark at pleaſure upon the Meridian a 
point, as C, for the Parallel of the moſt diſtane Sign from 
the Center A, which repreſents one of the Poles of the 
World, where you muſt with the Meridian AC make the 
Angle ACD of 11 Degrees and 30 Minutes, ſuch as is the De- 
clinstion of the diſtant Signs, viz. N and . or M and X 
to have ar D, the Dividing Center of the Meridian, and AD 
for the Length of your Style. 

In this Dial you may, by means of ſeveral Horizontal- 
lines drawn for different Heights of the Pole, know the 
Hour of the Sun's Riſing and Setting in the beginning of 
each Sign, for the different Heights of the Pole. As if you 
wou'd know at Paris, whoſe Latitude is 49 Degrees, at what 
Hour the Sun Riſes and Sers, when it is in the beginning of 
S, you muſt at the point D, the Dividing Center of the 
the Meridian AC, draw the Angle ADE of 49 Degrees, and 
thro* the point E, where the line DE cuts the Meridian AC, 
you muſt to the Meridian AC draw the Perpendicular FG, 
which will repreſent the Horizon of Paris, and cutting the 
Tropick of S, at the Points of the 4th and 8th Hour, ſhews 
that the Sun on the Summer Solſtice riſes above the Horizon 
of Paris at 4, and Sets at $ a Clock. | 1 2 

Likewiſe to know at what Hour the Sun, being in the Sum- 
mer Tropick, Riſes and Sets at Stockholm, where the Pole is 
about 60 Degrees above the Horizon; at the ſaid point D 
you muſt draw the Angle ADH of so Degrees, with the 
line DH, which will u the Meridian AC give the point 
H, thro' which you muſt draw to the faid Meridian AC, the 
Perpendicular IK, which will repreſent the Horizon of 
Stockbolm, and which cutting the Tropick of S at the points | 
r on Day of the Summer | 
Solſtice, Riſes at Stecłbelm at 3 and Sets at 9. 

As we have made uſe of the Declination of the Signs, or 
Triangle of Signs, to repreſent che Parallels of thoſe Signs 
in this Dial: So likewiſe may you draw in it the Parallels of 
the Riſing and Setting of the Sun, or the Length of che 


Days 


——— —ͤñ— — — — 
— CIS EN>—4<— —— . — 


b d - Www ry 


- 
; 
1 
C 
f 
- 
X 
ec 
5 
1 


nnn 


e 


b 
' 
| 


ANAT V. A Treatiſe of Gnomanick 1 8. 121 
Days and Nights, by means of the Triangle of Diurnal and 
Nocturnal 2 without Lewing ties, Decline) Plate of. 
you may more eaſily repreſent thoſe Parallels by deſcribing . 75. 
from the Center A, Circles thro the Point where the Hori- 

zontal AC is cut by the Hour-lines, &c. 


PROBLEM III. * 


How to draw the Arches of the | | 
Signs on an 
Horizontal-Dial. 


HE Triangle of the Signs is alſo very uſeful for 1 
finding the Points of each Sign upon the Hour-lines, 
by a Method which will ſerve for all Dials in general, which 
have a Center and an Equinoctial Line. When the Plain is 
bur ſmall, as Horizontal Plains uſually are, it will be a more 
2 way to fer off the Hour-lines in the Triangle of Signs, 


us : 

Having drawn to HI the . of Signs, Plate 27. 
thro' its Angle or Point H, Fapentteni Hs equal co Fig. 72. 
the Axis of the Dial AE, ſer off the diſtance AC of the Center 
of the Dial A, from the Equino&ial point C of the Meridian, 
upon the E HI, from K (which repreſents the Center 
of the Dial) to the point O; or the di CD from the 
Center D of the Equator to the ſame Equinoctial point C. 
upon the ſaid Equator HI, from H to O, thro* which, and 
nd thro' the point K, you muſt draw the Right-line K 12, 
yhich will repreſent the Meridian, and be cut by the Radii 
pf che Signs in Points, whoſe: diſtances being taken from K 
pon the Meridian AD of the Dial, muſt be ſet off from the 

nter A in Points which will belong to the ſame Signs, for 
they will be the ſame as you wou'd have, by applying the 

point H of the Triangle of the Signs at che point E, the Di- 

viding Center of the Meridian AD, in ſuch manner that 

the Equator HI ſhou'd fall in with the Radizs of the Equator 

EC, becauſe the Two 'ReQangular Triangles KHO, and 

AEC are equal, Cc. | 

Likewiſe to ſer off any other Hour-lines, for Example, the 

line AF of 5 a Clock in the Triangle of 8 ſer off the di- 

| ſtance between its EquinoQial point F, and the of the 

a ial A upon the Equator HI, from the point K to the point L, 

ä or the diſtance between the Equinodtial point F, and the Center 
of the Equaror D, upon the Equaror HI, from the point H to 
he point L, thro which you muſt draw from the point K the 

line KL, which will repreſent the Line of 5 a Clock, and 
which will be cut by the Rai; of the Signs in owe | 
1 ce 
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122 4A Treatiſe of Gnomonictks. Chap, 
diſtancesfrom the poine K muſt be ſer eff upon AF the 5 Clock- 
line of the Dial, from its Center A, to havmupon ic the Points 
— 2 Signs, or — | we yen ye oe the _ 

1 ro t N., w will belong to 
Tropick of S: And > on. 

Six a Clock-line, which has no Equinoctial Point, 
that is, which does not cut the EquinoRtial EG, is drawn in 
the Triangle of Signs thro' the point K, parallel to the Equa- 
tor HI; and che ocher Hop- lines which, are after Six at 

Night, or Six in the Morning, are repreſented in the 
T of the Signs 4 7 which make with the 
Six a Clock: line, that is y drawn, Angles, equal to thoſe 
= with the 


which the Hour-lines that are already drawn, 
Clock-line. 


ſame Six a 


SCHOLIUM. 


We do not here give the Demonſtration of rhis I 
becauſe it is eaſy to any One who has well und the 
General Rule for marking the Points of the Signs upon an 
Hour-line, by means of its Dividing Center, which we will 
explain in following Problem, where' you will know 
that the Dividing Centers of all the Houc-lines are diſtant 
from the Center of the Dial by the whole of the Axis. 

Neither will I demonſrate, that the 8 a Clock-line of the 
Triangle of the Signs, is for the Horizon of Paris, and for 
any other where the Height of the Pole-is 49 Degrees, par- 
allel to the Radins of the vw, becauſe when che Sun is at 
beginning of y it riſes at : And likewiſe that the Line of g 2 
rr 
and for any other where Re 
to the ſame Radizs of w, beciuſe the dun being in the Tro 
pick of W, Riſes on that Horizon at 9 = 3 

Whence it is eaſy to conclude, that che Hour - lines of the 
Triangle of Signs make, with the Six a Clock-line, Angles 
equal to the ination. of the Dinenat and Nocturnal 
Arches, or of the Parallels of che Riſing and Setting of the 
Sun at thoſe Hours, which will give us an eaſy way to ſer 
off che Hour-lines in the Triangle of Signs, —— having 
the EquinoRtial Line on the Dial, This is ſo eaſy, that we 

| es C135 "SF LR 1 ba 1 1 


FTrrafiss FIarsS. 


tk FEXSETPRSSEESHY 


Chaps. — 133 


. | 4 ty 


PROBLEM 1 


How „ A the . 


P the Rees bin geg greg an Equinoctial, 
may draw on it the de kind of _ * in the r 
going Dial : But as thb dd of Dials are uſually drawn © 
uyca great Plains, 46 wp6a Als, and that it is not eaſy to 
Hour-lines in the Triangle of Signs; you muſt 
make uſe of the Dividi 2 of each 7. to mark 


h the Diurnal and 
e 44 Det Dec hs 
rk the ints of the Signs upon the Subſtyla 


ial-point is C, and Dividing Center is 
As AB, wp pb wo v5. Oy er 
rat: the Trizngle igns, a x manner that irs 


Equatar may fall in 1 Radius of the Equator 5 and 
n the Radii of the other Signs being produc'd with a 
read or Ruler, will upon that te Subſtylar AC, give the 


pores — 4 of the Si other H 
o mar points i any our- 
line, as, for Example, upon the 2 Geck lee AE, whoſe E- 
”= oQial-point is E. draw thro”. the Foot of the Style B, ro 
Hour-Mne AE, the Indefinite Perpendicular BH, and 
the Parallel BF equal to the Style BD, and ſer off the Length 
of che he Hyporenuſs FG EG, from & to the Point H, which will 
the Dividi Center of rhe Line AE, and where conſe- 


Fah wear apply che 2 or Point of the Triangle 


in ach ba manner,” th 9 may anſwer » 
the quinoctiaL point E, to madly as + hs poi 
Signs upon the Hour ine AE, where it i cut My the 


RT Vs TTY REIT RS me 
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5 

Becauſe rhe Arch AE be t 90 > Degrees in Repreſencation, 
the Angle AE. muſt be a Night, and it 
will be eaſy ro conclude, 1 Len . Chap. 3. chat the Line 
AH iz equal to the Axis of the Dial AD, which ſhews that 
all the Dividing Cerzers of the Hour-lines are daftanc from 
the Center of the Dial AC by the Length of the Ari AD, 
ce is drawn a more eaſy Method than the former, to 
the Dividing Center of an 12 fer Example, of — 
line AE, whoſe Equino8tial-poiar i is E, by deſcribing on the 
pare 


Co” „ 


£ Plate 28. 
Fig. 76. 


— 2 
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E22 which is terminated by the Equinoctial and the 
enter of the Dial; the Semi- circle AHE, to ſet off in it the 
line AH _ to the Axis AD, and the point A will be the 
Dividing Center requir'd. "7 br 

We ſhall not here ſpeak of the Erect Meridian Dial, which 
has no Center, becauſe ſince it is a Polar Dial, the Signs will 
drawn, as we have taught in Probl, 1. Neither ſhall we ſpea 
of Inclin'd Dials, becauſe the Method of drawing the Si 
upon 'em is not different from the foregoing. You will 
practice find feveral ſhore Methods, which will be obvious to 
any One that thoroughly underſtands the Properties of the 
Dividing Center of a Line. * 

We ſhall only ſay, that when the Subſtylar falls in exactiy 
with an Hour-line, as here it happens to be the ſame as the 
10 a Clock-line, that 10 a Clock-line is to be look'd upon as 
the Meridian of an Horizontal Dial, after which you may 
draw the Dial, and add the Arches of the Signs as if it was 
an Horizontal Dial. But the way to know when the Sub» 
ſty lar is exactly in an Hour. line, is to know whether the De- 
clination of the Plain be juſt equal to ſome Horary-arth; as 
here, where it happens to be juſt 23 Degrees and 30 Minutes, 
Mach as' is the Horary- arch of 2 and 10 for the Latirude 
of 49 Degrees: EN TRY", 


PROBLEM V. 


How to drow the Babylonian and Italian Hauri in 
| 4 Dial. © * 


HE Hours which we have hitherto deſcrib'd in Dials 

are call'd 4fronomical Hours, becauſe Aſtronomers have 
always made uſe of 'em, and alſo French Hour, becauſe the 
French, and all the other Nations of Europe, make uſe of n 
at preſent. But Babylonian Hours are thoſe which are reckon 
from Sun-rifing one Day, to Sun- cĩſing the next, ind Italian 
Hours are reckon'd from Sun-ſet to un-ſer, and are 24 in 
Number. All theſe Hours are calld Equal, to diſtinguiſh em 
from the Old Hours, which were in Uſe among the Jem; 
whence they have been call d que and Jemiſb Howrs, which 
we alſo call Unequal Hours; becauſe: fince they are the 12th 


rt of the Artificial Dey, (which in the Oblique Sphere is 
— at As am . muſt needs be Vaequal, 
and certainly longer in Summer in Winter.. 
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Chap V A-Trea tiſe of Gnomonicks. 125 
Having deſcrib'd the Aftrommical Hour on the Plain, with 
the EquirioRtial, and x Parallel of the Sun's Rifing for what 
Hour y: you pleaſe, (for Example 4 a Clock) which is at Paris 
the ſame, as the Tropick of S, where the Latitude is of 49 
Degrees, you muſt draw the Lines of the Babylon an Hours, 
which are Right-lines, by Rating F wo points of them, the 
One upon the EquinoQtial, and the Other upon the the Parallel 

1 1 d, and reaſoning thus i * phe e 79 Figures. 
— the Sun —_— 4, the Fri - ; 

nom?rs, upon tne Fara ＋ Fb 2.5 

is che point of g, acto 5 27. 
ta it is 8 Hours after San. 
(which is the common Se@ie 

1 of rhe Parallel of the Sun = — a) 

rhe line 8, according to the Bubylonions. 

Likewil if — i in de Fge⸗ p 92 = 

| lique phere only when it is in the Equator, e ck 

polis of 2 upon the Equin (which; repreſents the Pa- 

1 JI rallet of the Sun when ir tifes at 6) i the point of 8, ac- 

3 cording to the 1 Thus we ſhall dave again ac B 

% (the common Section df the ftrommick. a and the 

EquinoQal} 2 point 7 the Bi — — lenfon. 

If then you join the Twöpoints A,B, which you have 
found, dy 2 Righr-hne} you ''will L hank th the Bebjlenian 8 a 
Clockline 1 Ahd by | reaforling the ſame way, you will find 
Two other points of the ores Ryan durelines ; bur 
it wil be caſy to draw all thoſe ur-lines- when you have 
dran One, decauſe the reſt fol one another in Order 
4 — Aſtronomick . Howrl, ph] rhe Phtale?; and — 


«or as a Sight oF tete T'wo Figures will 


As for the lralion Sette beſides the Afrrenegiich Hour- 
lines, and che Equarorslightly drawn. you muſt deſcribe a 
Parallel of the Sun's ſerrifip at What Hour you will, for Ex- 
2 w_ i which is at Turi the“ fame a8 the Summer Tro- 

that you! may upun chat Tropick, and the Equinoctial, 
Fad One poine of cacte delle 'Hiour-line, by fuch a Reaſon- 
as the foregoing,” thus: | 
ben che Jun ſets ar 8, the Mrowemick Hour point of 12, 
7 the Parallel of the Sun, {when i it ſets at 8) is the point 
he 16th Italian Hour, becauſe it is then 16 Hours fince 
the Sun fer the Day before: Thus we have at A (the common 
Section of the onomick 12 2 Clock-line, and the Parallel 
— oe, Sun's ſetting at 8) 2 point of the Italian Hour-line 
I 


Like- 


of 12, according to Plate ag. 


Plate 29. 


Fig. 77. 92. * 


and 79. of 


ache hu che e 


Fig. 78, 


- 
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Likewiſe when che Sun ſets at 6, which — the | the 
ny. ws. che EquinoRtial times, 

EquineRtial, wh — 


nne arallel al (when inf bid... is the point 
of the 16th Itaban Hour: in at C (the 
common Section of the 3 ro * -lice, and the 


ur rom * 
"$CHOLIUM. | Ts 


2 Sphere. the Sun does not riſe or ſet 

bick happens alſo all over each 
—— no other than Aſtronemmiet 
3 n Oblique, or in the Rig Right 
Sphere, be ed an EquinoQial Dial; the Bakyloniſh and 
12 Hours may bo drawn by the ſame Principle de. 


But as the Equ Dial has no EquinoRtial Line,” you 
"muſt in its 2 4 Parallel, when it riſes t 5. 
It is not o wyige any Fhing beyond the. Tropicky 


40 
or the Horizanra-h ne FG, which determines upon the Me- 
ridian the Ar of the Heighs of che Pole in Repreſents- 
tion, and whi cutting the e Hour-lnes of '5 and 
has given us the Two paints E, G, chro which we have 
Tate rom ths Pole, or Ceatagof the Dial A; che Parallels 
of the riſing of 8 


The Li the Bobylpsion, chad. — Hours give their 
— — he gois uns ef ce ck Half-hour,: and-cut 
2 93; Dn Ee, — — = 

er may 
_ d LI Deſcription of theſe 
As the Antiqui, os Jewiſh } — no ne 2 


it is nat ca to r ent them, becauſe: ſuch Hour - 
lines are not quite Right-Jineg, it wou d be needleſs ta give 
a long account of em; we ſhall ny ſay, That as chey-are 
almoſt Right-lines, you may dra em for every Aſtrasmict 
Hour upon the Equinoctial-line, and ſor — Hours 
upon the Parallel of the Diurnal Arch of 24 Hours, beginning 
ho” the os „* hich will beche 


a 
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Chap. V:  Trelliſe of Gnomonicks. 127 
PROBLEM VL 


How to deſcribe the Circles of Altitude, and the 
Ver ticali, an au Horizontal Plain. 


Ts, Circles of Altitude are cepreſeated upon an Hori- 
rontal Plain by real Circles ; and che Vertical Circles 5;,. 42 
by Righr-lines, which end at the Poet of the A, becauſe ©' 
ic repreſerirs the Zenith. Wherefore if from the Foot of the 
Style A, the Meridian AC (whofe Dividing Center is the end 
B of rhe Style AB) be divided into parts 10 or 5 OO 
thro* thoſe Point of Diviſion you draw from A rhe Foot of 
the Seyle, for your Center, Circomferences of Circles, which 
muſk be terminated by the Two Tropicks ; you will have 
the Repreſentation of the Circles of Altitude: And if any 
One of theſe Circles be. divided into parts of 10, or of 5 
Degrees, beginning from the Meridian AC, which is the 
* Vertical, and thro' the 7 of Diviſion, 2 — 
drawn to the Fooc of the Style A, which muft likewiſe 
be termingted at the Tropicks, you will have the Repre- 
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point, thro' which the Prime Vertical goes, 
a Circle divided into Degrees; whoſe Center 
'd at F the —— 1 of che Horizontal- 
thro' the Point of Diviſion as-mariy Perpendi- 
n to the Horizontal, you wilt have rhe Re- 
of rhe Vertical-Qireches. | 


reſentation of the Circles of Alrirude, you 
rant into parts of 5 or 1» Degrees each 
beginning the Horizoaral-line AB, (upon 


which 


I 
115 
145 


F 


: 
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A 
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„ 
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which are all the Divi 
n_ | preſent the Vertical ng Cr 
5: Hi which belong to the ſame Hen, 
| Eph, wad will eprſen the Circles of 


ne n 
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. When the Plain does nor des 
the 3 from the 1 
W 1. BY 
Or a wall regis (he Thone 3 * Six 1 


or a Weſt-Meridian:) And fer 
of te Sls ore upon that Fan yo 


of the 


0 . * - 
— —— — —_—— — 42 Ip — A 
g — 


their Aſym 

| of the $1 2 | 
3 You ma on drk a Table fo 
1000 Arts, as wh in 

allels 7 Signs; that you take 

culars which repreſent the Vertica Ci 

of Parts as the 


that means draw a 
By means of eq e Li 


ry crew A Ma 


tical Dial for 4 e pee, Lacie ? 
Wall, which declin' from the Four — r 
Degrees, with the Two Tropicks, having exattly rk L 
the Quantity of the Angles and Lines, w 2s 65 OS: 
of the Style - | .--+- 1600 * 
Line of Declination 32000 


Diſtance fromthe Center of the Dial co the Hoeizparaba3or MM |- 
DL 4 


Equinottial 

Pare of the Horizoncal berween the kost of the Style and 
the Six x Clock-point 577 

Length of the Axis <4 3048 

Radius of the Equator 1059 

Pare of the Subſiylar berween the Center of the Dial and p 
the Horizontal 2880- | 


E ˙Ä ey 
Pare of the EquinoGial between the SabGylar and f. 


454 . 
Angle 
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re of the Henr-lancs, with the Meridian. 


Chap»Y, 


Parts of 1 Horizontal- line, comprebended between 
ihe Meridian aud the Hout: lines. 
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Parts of the Hour: lines, comprehended between the 
Center of the Dial, and le Equinoctial. 


DES | 
{7 321132 23 1228 3232 320 3336 3532 

Parts of the Equinoctial, between the Meridian and 
the Hour-lines. 
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Angles of the Hour. Iines, with tbe Equator of he 
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Parts of the Hourlines, between the Center of the 
| Dial, and ihe Tropick of W. 
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PROBLEM vm. 


How to deſcribe the Circles of Altitude, and the Per 
ticals upon ax Inclin d Plain. 


HE Circles of Altitude ace repreſented upon an In- 
clin'd Plain, as che Parallels of che Sun upon aa Ho- 
cizontal Plain of the Oblique 8 : and Vertical 
Circles after the ſame manner as the Horary Circles upon 
the ſaid Horizontal Plain, taking the Zenith from the Center 
of che Horizontal Dial, and che Horizontal for the Equi- 
netial of the ſame Dial. 
Wherefore if you divide into the Horizontal 
line, as we have divided the EquinoQial into Hours, and 
chat chro* che Points of Diviſion you draw Righe- lines to 
che Zenith, you will have che Re ation of the Ver- 
tical Circles: And if thoſe Right-lines be divided into De- 
grees, (as we have done the Hour-lines to mack mom om 
the Points of the Arches of the Signs) and all the Points 
of che ſame be joya'd by Curves, thoſe Curves will 
be che Circles of Altitude. 
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Chap. V. A Tredtiſe of Gnomionicks. 121 
PROBLEM NX. f 
Fu 16 deſetibe the Circles of the Celeflial Houſes 


a f Dia 


Ecauſe the | al the Celeſtial Houſesare great Circles, 
which incerſe * the Cummon Section of the Meri- 
nend Horizon, divide che Equator, (according to ſome, and 
according to others the Firſt Vertical) into 12 equal Parts; it 
follows i the EquinoQift or the Vertical be divided 
inta Parts of 30 Das beginning from the Meridian, and 
thro the Points of Diviſion Right-lines be drawn to the 
Section of the Horizontal and the Meridian, you will have 
the Reprefentarion of the Circles of the Celeſtial Houſes. 
This ſuppoſes the Dial ro have an Horizontal Line; but if 
A not one, as it happens in the Horizontal Dial, the 
ircles of the Celeſtial Houſes muſt be drawn by Righr- 
Ines parallel to one another and to the Meridian: And if 
the Dial has no Meridian Line as it happens in a Meridian 
Dial, thoſe Circles muft be ented by Right-lines parallel 
to one another md to the izontal. There may happen 
other Cafes, which we ſhall not mention here, becau!c it is 
enly ro — chem by our Principles, and thoſe Circles are 
af too lietie Conſequence to have any thing more ſaid con- 
cerning he | 
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* the Two Tables 69 and Page 20, 
only Calculated Latitude of Paris; 
yet! 
rhe, 


ma bens 70 u 7 $a uz 


For the Table of rhe 3 * . 69. 


Ha* by Problem 6. Chap. of the Son 


Part of the Geography, . 
the Sun is in thoſe Points the Zauiac i mark 
the Firſt Columm on the Left. Find; you muſt, b 
Probl: 16. of the ſaid Cha ons the 
Height for the Latitnde of the Place — you So, 
the Hour requir'd of that Day, which anſwers 
10 the Point of the Zodiack which you ſuppoſe g 
tobe in; then! the Degree: of that Hel 


go ces, the will be ihe Sun's Di. 
lance from the Zenit bin ffead of that in the Table. 
For the Table of the Verticals of the Sun, Gr. 
| Page 70. 


cd by Probl. 6, Chap. 3. Ge Part a, | 
H upon what Days the 2 Geopr into 22 | 
Sent . the Zadar mart d in the Nr Columm on 
25 Left- Ha, you muſt, by the faid Probl. 16. 
find the Sun's Pertical for the Hour requir'd 
of the ſartd Days, accor 


any | 
dig to the Latitude: of the 
Place where you are ; and take the Diſtance of that 


Vertical from the Merian mſtead of the Diftance 
mart din the T able. 
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The CONTENTS. 
the Angle CDF will be n 
or el ADG 10 the Angle BD F. 

LE M. V. Theor. 7f the Semi-circles AAC 2 
ADE be deſcrib d about the fide AC, and the 

" Hypotenuſe AE of the Triangle ACE, Re | 
at C, and from the ' Þ rakes of lea/ar e 
AC to the Two lines prey drawn the 

 Perpendiculars FB, FD ; the Chords AB, 4 
will be e nal to one another. 

LEM. VI Theor. F the Two lines AB CE, be 
perpendicular to the ſame lime OH, H, and CD ts 
equal to BC, and AF io AR; and at the point A 
the Angle HA G be made equal 10 2 — 5 
| by the line AG eee 


perpendicular 10 DH ; and that at rr ea pt = 


A, the Angle FIAT be made equal to 7 57 
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FINIS. 


. Advertiſement. 

At the Hand and Pes in Bar- 
bican, are Taught, vig. Writing in 
all Hands, Merchant's Accounts, 
Book- keeping, Algebra, Geometry, 
Meaſuring, Surveying, Gauging, 
Mechanicks, Fortification, Gunery, 
Navigation , Dialling, and other 
Parts of Mathematicks; alſo the 
Ute of the Globes and Maps, after 
a Natural, Eaſy and Conciſe Me- 
thod, without Burthen to the Me- 
mory. 


By Robert = Arnold. 


